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NOTES ON THE WINTER FEEDING OF THE 
MUSKRAT IN DELAWARE 


L. A. Stearns and M. W. Goodwin} 


In 1934, the Department of Ento- 
mology of the Delaware Station entered 
upon a broad investigational program 
designed to supplement and to evaluate 
the results of a mosquito-control effort 
then in progress. The operations which 
were on a state-wide basis, commenced 
in October, 1933, and continued until 
November, 1938, when the last of the 
Civilian Conservation Corps units allo- 
cated to Delaware for this work was 
withdrawn. One of the objectives was 
to determine the effect of mosquito- 
control practices upon agricultural 
enterprises in the districts concerned. 
Special consideration was to be given 
the utilization of marshlands for musk- 
rat raising. 

The water and plant requirements of 
the muskrat on a Delaware tidewater 
marsh have already been discussed 
briefly by Stearns, MacCreary, and 
Daigh (1939) and the effect of ditching 
for mosquito control on the muskrat 
population has been dealt with at con- 


1 Entomologist and Analytical Chemist, 
respectively, of the Delaware Agricultural 
Experiment Station. Acknowledgment is 
made herewith of the cooperation of Isaac 
G. Cleaver in providing the muskrat stom- 
achs for the study report herein, of the assist- 
ance rendered by W. A. Connell and W. W. 
Fassig, especially, in weighing the stomachs 
and their contents, and of the services of 
Eugene J. Gerberg in preparing the drawings 
included as illustrative material. 


siderable length by the same workers 
(1940). The observations and data pre- 
sented herein were made and recorded 
in connection with the studies men- 
tioned. 


REVIEW OF LITERATURE WITH 
REFERENCE TO Foop Hasits 
OF THE MUSKRAT 


The status of the muskrat as one of 
the leading fur-bearing animals of the 
United States has been thoroughly in- 
vestigated and fully reported upon, 
notably by Lantz (1923), Johnson 
(1925), Arthur (1931), LeCompte 
(1934), Bailey (1937), Errington (1937, 
1938, 1939), and Smith (1938). Most of 
these publications, however, include 
very little detailed information con- 
cerning the food habits of this animal. 

The remarks of Lantz, in the earliest 
paper cited, seem to cover in a broad 
way the essential known facts in this 
particular. He stated that ‘‘Like nearly 
all rodents, the muskrat is chiefly her- 
bivorous, but it sometimes indulges in 
animal food, a habit which it shares 
with many other gnawing animals. Its 
chief food in winter consists of the roots 
of aquatic plants—pond lilies, arums, 
sedges and the like—but in some locali- 
ties it feeds on mussels and also on carp 
and other sluggish fish that bury them- 
selves in mud. When ponds are frozen 
over, muskrats are restricted almost 
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wholly to food accessible under the ice, 
but in rare cases they leave the water 
and burrow under the snow in search of 
the crowns of grasses and sedges. The 
summer menu is far more extensive, 
being made up of many aquatic plants 
—roots, stems, leaves, and fruit—and 
in addition, of supplies from nearby 
fields or woods. Muskrats are fond of 
nearly all garden vegetables—cabbage, 
onions, carrots, parsnips, beets, peas, 
beans, celery, and the like—and they 
frequently do considerable damage in 
gardens close to their haunts.... On 
low-lying lands bordering streams they 
sometimes attack corn or other grains, 
the injury usually being restricted to 
narrow belts near the water’s edge.” 
As might be expected, in a general 
bulletin such as this, detailed factual 
data are lacking. However, the more 
particularized accounts in certain of the 
other reports referred to substantiate 
and amplify these observations by 
Lantz. 

Johnson gave some space to a con- 
sideration of animal food, in which he 
considers that fresh water clams take 
first place. In many localities where 
clams are plentiful, great quantities of 
these bivalves are said by him to be 
eaten by muskrats. Other kinds of ani- 
mal food which the muskrat is credited 
with eating are insects, crayfishes, 
snails, fishes, young birds caught in the 
water, and turtles. He also listed and 
discussed the relative importance of a 
considerable number of plants that are 
included regularly in the bill of fare of 
this species. In his opinion, preference 
is shown for the two species of cattails 
or flags (narrowleaf, Typha angustifolia, 
and broadleaf, 7’. latifolia). In the great 
marshes and swamps of western New 


York, the total amount utilized jg 
thought to be greater than that of al 
other foods combined. As long as the 
flags retain their tenderness and succy- 
lence, a large part of each plant cut 
down, excepting the fruit body, may be 
consumed, and of the smaller, non. 
fruiting, young plants practically all is 
eaten. Subsequently, the acceptable 
portion becomes limited mainly to 4 
few inches of the central part of the 
stem near the base. In winter, cattail 
roots are the staple food of the muskrat 
in these marshes. 

Arthur reported that, in Louisiana, 
three species of Scirpus (the salt-marsh 
bulrush, S. robustus, Olney’s three- 
square, S. olneyi, and the common 
three-square, S. americanus) are the 
principal foods of this animal. These 
plants also predominate in the flora of 
the greatest muskrat-producing areas. 
The softstem bulrush (S. validus), 
which grows profusely in these marshes, 
is next in importance as food. The 
“‘three-square”’ grasses are said to con- 
tain protein of high value, to be rich in 
starch, and to have a high saccharine 
content. No mention was made of ani- 
mal food other than the statement that 
at times muskrats devour the flesh of 
such individuals of their own kind as 
they may find dead or wounded or 
helpless. 

The remarks of both LeCompte and 
Bailey indicate that on the easter 
shore of Maryland, a district second 
only to Louisiana from the standpoint 
of productiveness, about the same 
aquatic plants are favored by this ani- 
mal. This is also true on the Delaware 
marshes. Smith, commenting also on 
conditions in Maryland, emphasized 
still further the vegetarian ways of the 
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TABLE 1 
FREQUENCY DISTRIBUTION OF MUSKRAT STOMACHS WITH CONTENTS 


ON BASIS OF VOLUME IN CUBIC CENTIMETERS 








Volume 








Volume = Male Female T otal : Male Female T otal 
in ce. in ce. 

2 1 1 59 2 2 
3 3 3 6 60 3 3 
4 10 12 22 61 1 1 
5 42 28 70 62 
6 33 29 62 63 1 1 2 
7 36 29 65 64 3 2 5 
8 56 38 94 65 2 4 6 
9 37 15 52 66 2 2 

10 111 66 177 67 2 2 4 

11 53 28 81 68 4 2 6 

12 78 44 122 69 

13 47 22 69 70 7 2 9 

14 61 30 91 71 1 1 

15 78 45 123 72 2 2 4 

16 77 48 125 73 1 1 

17 35 27 62 74 2 2 

18 67 35 102 75 2 2 

19 18 8 26 76 3 2 5 

20 108 80 188 77 1 1 

21 29 20 49 78 1 2 3 

22 65 31 96 79 1 1 2 

23 26 15 41 80 1 1 2 

24 41 26 67 81 

25 48 38 86 82 

26 52 32 84 83 

27 23 18 41 84 

28 33 17 50 85 

29 3 3 6 86 1 1 

30 53 39 92 87 

31 18 16 34 88 

32 24 23 47 89 

33 14 2 16 90 

34 30 22 52 91 

35 19 15 34 92 1 1 

36 29 19 48 93 1 1 

37 13 3 16 94 1 1 

38 yy 7 29 95 

39 6 3 9 96 

40 28 17 45 97 1 1 

41 11 2 13 98 

42 14 iv 31 99 

43 8 5 13 100 

44 5 12 a7 101 

45 16 j 23 102 

46 8 12 20 103 

47 5 1 6 104 

48 10 10 20 105 

49 P 1 3 106 

50 18 10 28 107 1 1 

51 5 5 108 

52 10 5 15 109 

53 1 2 3 110 

54 4 3 y | 111 

55 4 3 7 112 

56 3 1 4 113 

57 5 1 6 114 

58 1 5 6 115 
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TABLE 1—Continued 








Volume 
in cc. Total 


Male Female 





116 
117 
118 
119 
120 
121 
122 
123 
124 1 1 
125 
126 
127 
128 
129 
130 


Totals 


1 1 
2,778 
22.615 





1,697 
22.34 


1,081 
23.04 





Averages 





muskrat by stating that three-square 
sedge and the two kinds of cattails con- 
stitute four-fifths of its food, all parts of 
these plants being eaten at one time or 
another. Some animal food is eaten but 
it plays a decidedly minor role in the 
diet. 

Errington, working in the middle 
west with stream-dwelling muskrats, 
concluded that corn fields are essential 
constituents of Iowa’s best muskrat 
habitat. He provided accurate data 
covering muskrat damage to corn and 
other crops in the central part of that 
State. In discussing the reactions of 
muskrat populations to drought, he 
made the significant statement that 
“what a muskrat population eats is in 
large measure determined by relative 
availability of foods and by established 
feeding habits. Some populations may 
be so herbivorous that it is difficult to 
find evidence of any animal foods at all 
in their diets; others may be so car- 
nivorous that their ordinary diets of 
frogs, fish, and molluscs may differ only 


slightly from those of mink frequenting 
the same areas.” 

Accurate analytical data with respeg; 
to either stomach contents or the plants 
upon which the muskrat is known ty 
feed are as yet unavailable. The present 
paper is designed to fill this need. 


DIscussION OF EXPERIMENTAL Worx 


The open season in Delaware extends 
from December 1 to March 10, except 
that on embanked marshes in New 
Castle County muskrats may be 
trapped until March 20. This period, 
in 1938-39, was somewhat milder than 
usual, the departures from the normal 
in temperature at Delaware City for the 
months of December, 1938, and of 
January, February, and March, 1939, 
amounting to plus 1.6, 1.1, 6.0 and 24 
degrees F., respectively. Rainfall was 
deficient (— 0.31 inches) during the first 
of these months and in excess of normal 
(1.56, 3.74, and 1.49 inches, respec- 
tively) throughout the remainder of the 
trapping season. Snow was generally 
light and but little ice was formed in 
tidewater areas. In other words, the 
conditions were especially favorable for 
trapping. 

Through the cooperation of the 
owner of the marsh on which studies 
were in progress to determine the effect 
of ditching for mosquito-control on 
muskrats, the animals caught were 
weighed, their sex recorded, and their 
stomachs removed for critical exami- 
nation. 

A total of 2,778 muskrats (1,697 
males and 1,081 females) were cap- 
tured; the minimum individual live 
weight was 1 pound; the maximum, 2} 
pounds; and the average, 2 pounds. 
There was no correlation between the 
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TABLE 2 TABLE 3 

FREQUENCY DISTRIBUTION OF FREQUENCY DISTRIBUTION OF Con. -— 
MUSKRAT STOMACHS ON TENTS OF MUSKRAT STOMACHS D 
BASIS OF DRY WEIGHT ON BASIS OF DRY WEIGHT wet 
IN GRAMS IN GRAMS in gi 
Dry Dry ; 
weight Male Female Total weight Male Female Total 5 
in grams in grams 5 
0.2 1 1 0.0 4 3 7 ; 
0.3 1 1 0.1 102 41 143 6 
0.4 1 1 0.2 41 34 75 6 
0.5 0.3 27 25 52 6 
0.6 2 2 4 0.4 46 34 80 6 
0.7 1 1 0.5 51 22 73 6 
0.8 3 2 5 0.6 33 23 56 6 
0.9 18 7 25 0.7 53 39 92 6 
1.0 30 18 48 0.8 53 33 86 6 
3.2 101 65 166 0.9 48 32 80 6 
1.2 146 98 244 1.0 38 26 64 6 
1.3 222 143 365 i | 60 26 86 7 
1.4 258 144 402 | 36 35 71 7 
1.5 232 137 369 1.3 46 20 66 7 
1.6 231 131 362 1.4 45 21 66 7 
tA 139 109 248 1.5 54 19 73 7 
1.8 109 76 185 1.6 40 22 62 7 
1.9 72 42 114 | Pe 30 24 54 7 
2.0 36 31 67 1.8 32 25 57 7 
2.1 40 32 72 1.9 48 31 79 7 
2.2 24 12 36 2.0 53 24 77 - 
2.3 13 11 24 2.1 45 28 73 8 
2.4 4 6 10 2.2 30 26 56 8 
2.5 4 2 6 2.3 29 18 47 8 
2.6 1 1 2 2.4 31 33 64 8 
2.7 8 2 10 2.5 24 18 42 8 
2.8 2 2 2.6 23 16 39 8 
2.9 1 1 2 2.7 20 10 30 8 
3.0 2 2 2.8 27 26 53 8 
3.1 2.9 21 11 32 8 
3.2 2 2 3.0 21 15 36 8 
3.3 3.1 27 21 48 9 
3.4 1 1 2 3.2 20 15 35 9 
3.3 21 13 34 9 
Totals 1,697 1,081 2,778 3.4 25 16 41 9 
— 3.5 17 7 24 9 
Averages 1.51 1.53 1.52 3.6 17 10 27 9 
' 3.7 12 11 23 9 

Pe . ‘ 3.8 18 z 2 
weights of the animals and either the 3.9 23 13 36 . 
wet or the dry weights of their stomachs rw 1 Me a . 
(with contents). 4.2 13 8 21 10 
The stomachs (see Figure 1, J) were - oe ; pe = 
extremely variable in size, depending 4.5 7 10 17 10 
upon the amount of material in them. 4.6 13 6 19 10 
“ , 4 4.7 12 4 16 10 
This fact is emphasized by the data pre- 4.8 7 6 13 10 
sented in Table 1 (frequency distribu- .. 7 : : 
tion of muskrat stomachs with contents 5.1 12 6 18 11 
x . : ; + §.2 (f 5 12 11 

as a 

on basis of volume in cubic centi 53 10 5 5 i 


meters). The minimum volume re- , aaa siden 
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TABLE 3—Continued 








Dry 
weight Male 











Female Total 

in grams 

17.2 0 0 0 

17.3 0 0 0 

17.4 0 0 0 

17.5 0 0 0 

17.6 0 0 0 

17.7 0 1 1 
Totals 1,697 1,081 2,778 
Averages 2.31 2.44 2.36 





corded was 2 cc. and the maximum, 
130 cc. The averages for males, females, 
and for the sexes combined (22.34, 
23.04, and 22.615 cc., respectively) are 
essentially the same. 

There is also practically no difference 
between the two sexes in the average 
dry weight of either the stomach itself 
or its contents. The data in this par- 
ticular are included in Table 2 (fre- 
quency distribution of muskrat stom- 
achs on basis of dry weight in grams) 
and in Table 3 (frequency distribution 
of contents of muskrat stomachs on 
basis of dry weight in grams). The 
smallest stomach weighed .2 of a gram 
and the largest 3.4 grams; the average 
weight was 1.52 grams. The stomach 
contents averaged 2.36 grams in weight, 
with a range from .1 to 17.7 grams. 

The dried stomach contents, for each 
ten-day period during the trapping 
season, were combined, then finely 
ground, and a composite sample was 
analyzed, the material from males and 
females being kept separate. The re- 
sults of these analyses are given in 
Table 4. The percentages for moisture, 
ether extract, crude protein, crude fiber, 
ash, and nitrogen-free extract are all 
subject to a small amount of variation 
from one period to the next. After care- 


ful study of these data, it is impossible 
to correlate either this fact or similar 
small variations in the amount of ma. 
terial contained in the stomachs with 
recorded fluctuations in weather that 
might possibly have affected the avail. 
ability and character of the food sup. 
ply. The differences between the food 
samples of males and females on the 
several points of comparison are also so 
small that they cannot be considered 
significant. 

A quantity of each of ten plants, 
representative of the vegetative cover 
of the marsh on which these muskrats 
had been trapped, some of which are 
known to be eaten regularly and others 
but occasionally by these animals, was 
dug up, then finely ground, and a com- 
posite sample was analyzed, the roots 
and the tops being kept separate. The 
plants were: Hightide bush (Jva fru- 
tescens), rosemallow (Hibiscus oculiro- 
seus), narrowleaf cattail (7'ypha an- 
gustifolia), arrowhead (Sagittaria lati- 
folia), saltmeadow cordgrass (Spartina 
patens), switch grass (Panicum wir- 
gatum), Olney’s three-square (Scirpus 
olneyt), saltmarsh cordgrass (Spartina 
alterniflora), larger blue flag (Iris versi- 
color), and big cordgrass (Spartina cy- 
nosuroides). Their characteristic roots, 
Iris excepted, are illustrated in Figure 
1, A to I, inclusive. The results of the 
analyses are given in Table 5. As in the 
case of the analyses of stomach con- 
tents, percentages for moisture, ether 
extract, crude protein, crude fiber, ash, 
and nitrogen-free extract are included. 

It is apparent that the percentages 
of crude protein and nitrogen-free ex- 
tract for the roots are invariably higher 
than those for the tops. The average 
percentages for the roots are 7.61 and 
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TABLE 4 
RESULTS OF ANALYSES OF CONTENTS OF MUSKRAT STOMACHS 









































ee a 
Per Cent 
Sample Description Mois- | Ether | Crude | Crude oh pa 
ture | extract] protein] fiber extract 
1 Male 12/11 to 12/20/38 3.46 1.62 9.98 24.25 9.65 51.04 
2 Female ge ss 2.80 1.46 9.27 23.95 9.44 53.08 
Average 3.13 1.54 9.625 24.10 9.545 52.06 
3 Male 12/21 to 12/31/38 2.51 1.55 10.67 23.85 10.12 651.30 
4 Female ole . 2.35 1.42 8.75 23.90 9.30 54.28 
Average 2.43 1.485 9.71 23.875 9.71 52.79 
5 Male 1/ 1to 1/10/39 4.49 1.45 10.06 23.60 8.91 51.49 
6 Female _ ST . 4.70 2.61 9.19 23.50 9.75 50.25 
Average 4.595 2.03 9.625 23.55 9.33 50.87 
7 Male 1/llto 1/20/39 4.14 1.69 11.64 22.20 10.90 49.43 
8 Female ae ” 3.90 1.69 9.62 24.58 10.23 49.98 
Average 4.02 1.69 10.63 23.39 10.565 49.705 
9 Male 1/21 to 1/31/39 3.87 1.50 9.19 24.00 10.83 50.61 
10 Female ies ” 4.30 1.95 9.10 23.80 11.83 49.02 
Average 4.085 1.725 9.145 23.90 11.33 49.815 
11 Male 2/ 1to 2/10/39 4.35 1.50 9.27 23.30 10.15 651.43 
12 Female oe ' 4.20 1.75 9.62 25.50 9.48 49.45 
Average 4.275 1.625 9.445 24.40 9.815 50.44 
13 Male 2/11 to 2/20/39 4.07 1.65 11.46 24.00 11.25 47.57 
14 Female ll * 4.26 1.60 9.71 23.80 9.80 50.83 
Average 4.165 1.625 10.585 23.90 10.525 49.20 
15 Male 2/21 to 2/28/39 4.58 1.45 10.50 22.50 11.37 49.60 
16 Female _ ” 4.40 1.50 9.45 24.15 11.36 49.14 
Average 4.49 1.475 9.975 23.325 11.365 49.37 
17 Male 3/ lto 3/10/39 4.45 1.35 12.34 22.63 10.92 48.31 
18 Female = . 4.00 1.25 9.62 24.15 10.25 650.73 
Average 4.225 1.30 10.98 23.39 10.585 49.52 
Average for all male samples 3.99 1.53 10.56 23.37 10.455 50.09 
Average for all female samples 3.88 1.69 9.37 24.15 10.16 50.75 
Average for all samples 3.935 1.61 9.97 23.76 10.31 50.42 





56.405, respectively, and for the tops, 
4.88 and 45.16, respectively. The re- 
verse is invariably true of the percent- 
ages of crude fiber for roots and tops. 
The average percentages in this in- 
stance are 22.72 and 39.78, respectively. 
It is also evident that (with the excep- 
tion of Sagittaria latifolia) the percent- 


age of crude protein for the plants as a 
group (average, 6.40 per cent) is con- 
siderably below that (average, 9.97 per 
cent) recorded for the stomach con- 
tents. The percentage of crude protein 
in the roots of these several plants 
(7.61), although greater than that for 
the tops (4.88), also is well below that 
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TABLE 5 
RESULTS OF ANALYSES OF MARSH PLANTS 
Per Cent 
Sam- ae : 

ple Description Mois- Ether Crude —_ Nitro- 
t pro fib Ash _ | gen-free 
ure | tract | tein aad extract 

19 Iva frutescens —roots 3.95 2.31 5.51 38.30 4.40 45.53 

20 * ” —stems 3.14 3.18 4.90 46.65 2.35 39.78 
Average 3.545 2.745 5.205 42.475 3.375 42.655 

21 Hibiscus oculiroseus —roots 3.55 1.20 4.64 16.80 5.16 68.65 

22 . ” —stems 5.00 0.46 2.89 58.50 2.00 31.15 

Average 4.275 0.83 3.765 37.65 3.58 49.90 

23 Typha angustifolia —roots 3.80 0.87 7.61 17.80 8.58 61.34 

24 . - —tops 4.56 0.93 2.45 31.00 10.52 50.54 

Average 4.18 0.90 5.03 24.40 9.55 55.94 

25 Sagittaria latifolia —roots 4.3% 1.25 19.60 5.15 7.02 62.64 

26 . “4 —young shoots 5.38 ’ 16.19 i 8.90 — 

Average 4.86 — 17.895 — 7.96 “= 

27 Spartina patens —roots and rhizomes 4.70 2.08 3.59 30.45 2.55 56.63 

29 Panicum virgatum —roots 4.55 0.75 6.56 25.35 5.55 57.24 

30 35 ’ —culms and leaves 4.35 0.45 1.92 39.68 1.75 51.85 
Average 4.45 0.60 4.24 32.515 3.65 54.545 

31 Scirpus olneyi —rootsand rhizomes 4.01 0.85 6.47 21.55 7.65 59.47 

32 7 , —tops 5.00 0.83 2.01 32.55 5.77 53.84 
Average 4.505 0.84 4.24 27.05 6.71 56.655 

33 Spartina alterniflora —roots and rhizomes 3.70 0.64 7.87 28.60 10.15 49.04 

34 . . —culms 4.90 0.70 5.60 27.79 15.65 45.36 

Average 4.30 0.67 6.735 28.195 12.90 47.20 

35 Iris versicolor —roots and rhizomes 4.17 14.40 9.01 16.62 6.77 49.03 

37 Spartina cynosuroides—roots and rhizomes 3.57 0.35 5.25 26.55 9.80 54.48 

38 . - —culms 3.82 0.42 3.06 42.28 6.80 43.62 

Average 3.695 0.385 4.155 34.415 8.30 49.05 
Average for all samples of roots 4.03 2.47 7.61 22.72 6.76 56.405 

Average for all samples of tops 4.52 1.00 4.88 39.78 6.72 45.16 

Average for all samples 4.25 1.86 6.40 29.74 6.74 51.78 





* Not enough sample. 


noted for the stomach contents. The 
figures in this respect for the roots and 
rhizomes (6.47 per cent) and tops (2.01 
per cent) of the favored food plant on 
tidewater areas, Scirpus olneyi (aver- 
age, 4.24 per cent) and those for the 
roots (7.61 per cent) and tops (2.45 per 
cent) of the equally important food 


plant on “still-water” or embanked 
marshes, Typha angustifolia (average, 
5.03 per cent) are either slightly (roots) 
or appreciably (tops) less than the 
averages (7.61 for roots, 4.88 for tops, 
and 6.40 for roots and tops) for the 
group as a whole. The percentages of 
crude protein recorded for the roots 
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WINTER FEEDING OF THE Muskrat—Stearns and Goodwin 1l 


(19.60) and young shoots (16.19) of 
Sagittaria latifolia are outstandingly 
high. The average for roots and young 
shoots (17.895) is almost thrice that re- 
corded for all of the plants studied and 
almost twice that noted for the stomach 
contents. This plant is commonly domi- 
nant in areas that are regularly flooded 
by tides, although frequently occupy- 
ing, rather sparsely, somewhat drier 
situations. Muskrats seldom construct 
their houses in such locations and the 
amount of Sagittaria utilized either for 
building material or food is relatively 
small. The percentage of crude protein 
in the case of Iris (9.01) is somewhat 
above the average (7.61) for the group 
as a whole but this plant, although 
attractive as food, is so rare on local 
marshes that it must be considered of 
little importance in the diet of this ani- 
mal. The only possible inference that 
can be drawn from these data would 
seem to be that the muskrat in this 
section, during the winter months, gets 
a substantial quantity of protein from 
other than vegetable sources. The aver- 
age percentage (10.31) of ash present in 
the stomach contents is significantly 
higher than that (6.74) found in the 
plants, while the reverse is true in the 
case of fiber. Both of these facts further 
substantiate the conclusion that animal 
matter in an as yet unknown but not 
inconsiderable amount is consumed by 
this species. 


SUMMARY 


A review of the literature with refer- 
ence to the food habits of the muskrat 
indicates that there is some diversity of 
opinion concerning the proportions of 
vegetable and animal material in its 
hormal diet. On the basis of observa- 


tional evidence, it has been rather gen- 
erally assumed, however, that the 
muskrat is decidedly a vegetarian and 
that the amount of animal food eaten 
is relatively small. 

Incidental to investigational work to 
determine the effect of ditching for 
mosquito-control on muskrat life, it has 
been possible to compile accurate ana- 
lytical data with respect to both the 
stomach contents of this animal and the 
plants upon which it is known to feed, 
either regularly or occasionally. 

For a total of 2,778 muskrats (1,697 
males and 1,081 females) captured, 
during the 1938-39 trapping season 
(December 1 to March 10) on a Dela- 
ware tidewater marsh, the minimum 
individual live weight was 1 pound; the 
maximum, 2? pounds; and the average, 
2 pounds. The stomachs (with con- 
tents) removed from these animals 
varied in size from a minimum volume 
of 2 cc. to a maximum of 130 cc. The 
averages for males, females and for the 
sexes combined were 22.34, 23.04 and 
22.615 cc., respectively. The dry weight 
of the smallest stomach (without con- 
tents) was .2 of a gram and of the 
largest, 3.4 grams. The average weight 
was 1.52 grams. The stomach contents 
averaged 2.36 grams (dry weight) with 
a range from .1 to 17.7 grams. 

Composite samples of the dried and 
finely-ground stomach contents were 
analyzed, and the percentages of mois- 
ture, ether extract, crude protein, crude 
fiber, ash, and nitrogen-free extract de- 
termined. The differences between the 
samples from males and females with 
respect to these several points of com- 
parison were so small that they cannot 
be considered significant. 

Composite samples of the dried and 
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finely-ground roots and tops of each of 
ten plants, representative of the vege- 
tative cover of the marsh on which 
these muskrats had been trapped, also 
were analyzed. The plants were: Iva 
frutescens, Hibiscus oculiroseus, Typha 
angustifolia, Sagittaria latifolia, Spar- 
tina patens, Panicum virgatum, Scirpus 
olneyi, Spartina alterniflora, Spartina 
cynosuroides, and Iris versicolor. From 
the recorded data, particularly that 
with respect to the comparative per- 
centages of crude protein, crude fiber, 
and ash for the stomach contents and 
the plants, it must be concluded that 
animal matter in an appreciable but un- 
determined amount is being consumed 
by the muskrat during the winter 
months in Delaware. 
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THE OCCURRENCE OF POROCEPHALIASIS IN THE 
LOUISIANA MUSKRAT? 


George H. Penn, Jr. and Ernest C. Martin 


In beginning a general survey of par- 
asites of the Louisiana muskrat in the 
fall of the 1939-40 trapping season, the 
authors were amazed to encounter a fe- 
male muskrat literally crawling with 
immature linguatulids, identified by 
Dr. Carl E. Venard of the Department 
of Zoology and Entomology, Ohio State 
University as larval Porocephalus cro- 
tali.2 They had invaded and become im- 
bedded in every organ of the visceral 
and pleural cavities. By actual count, 
over 1,600 nymphs were removed from 
the carcass. 

A review of the literature reveals that 
there have been very few contributions 
to the knowledge of the diseases and 
parasites of the Louisiana muskrat (On- 
datra zibethica rivalicia). Svihla (1928) 
made a few notes on parasitization of 
the Louisiana race, and perhaps unwit- 
tingly first recorded the presence of the 
nymphs of P. crotalz writing, “‘one speci- 
men proved to be a degenerate arach- 
nid,” but giving no further indication 
of its identification, location in the host, 
or, in fact, anything of cognizance. Har- 
kema’s supplementary list of rodent 
parasites (1936) does not include re- 
ports of species of this family (Lingua- 
tulidae) from muskrats. 


1Presented (in part) at the Eighty- 
seventh Annual Meeting of the New Orleans 
Academy of Sciences, Tulane University, 
March 29, 1940. 

* There is some controversy over the use of 
“larva” instead of “nymph” for immature 
stages; however, the authors feel that the 
latter term is more justified until a conclu- 
sive study of the relationships of the family 
has been made. 
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INCIDENCE 


On subsequent examinations of 1,032 
muskrats from Michaud Marsh (Or- 
leans Parish), and Willow Bayou Camp, 
Main Camp, and Road Camp, Sabine 
National Wildlife Refuge (Cameron 
Parish) in Louisiana,*? 96 (or 9.30%) 
were found to harbor the parasite. With 
the exception of the remarkable case 
mentioned above, the vast majority of 
these were very light infestations in 
which three or four, or more often single 
nymphs, were present. 

A peculiar geographic distribution oc- 
curred in that 13.0% of the 429 musk- 
rats from Michaud and 14.5% of the 
233 from Willow Bayou were infested, 
while on the other hand, only 1.2% of 
247 and 2.4% of 123 animals from Main 
and Road Camps, respectively, were in- 
fested. It is interesting to note that the 
areas of highest incidence are regarded 
by the owners and trappers as the best 
two muskrat marshes of the four, and 
have the highest annual fur production. 


PATHOLOGY 


Nymphal porocephaliasis was found 
to affect every organ of the visceral and 
pleural cavities as well as the muscular 
walls of the abdomen, the diaphragm, 
and the muscles of the rump. Nymphs 
have been found in all of these places, 


2 It is a pleasure to acknowledge the co- 
operation of Florence Brooks Kreeger and 
Dr. Harley N. Gould, Department of Bi- 
ology, Newcomb College, Tulane University 
and also of the personnel of the Sabine Ref- 
uge of the U. S. Fish and Wildlife Service in 
procuring muskrats. 
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but most of the infestations were cen- 
tered in the lobes of the liver and lungs. 

Pieces of liver in which nymphs were 
imbedded were fixed in picro-acetic-for- 
mol for histological examination. Prac- 
tically no local detrimental effect to the 
hepatic cells was demonstrable. Around 
each nymph, however, there appeared a 
capsule of homogenous, clear-staining 
material. This capsule is probably 
formed by the hepatic cells of the host 
and functionally isolates the parasite 
from the organ. 


Discussion 


It is possible with such a high general 
incidence that porocephaliasis may be 
an important factor in limiting the pro- 
duction of the marshlands of Louisiana. 
It is also obvious that until more is 
known regarding the life cycle as well as 
the pathogenicity of the organism in 
muskrats, no action could or should be 


taken to combat it. With a view toward 
elaborating on this preliminary report, 
the senior author is continuing the 
study. 
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AN ANALYSIS OF FISHING IN THE TVA IMPOUND- 
MENTS DURING 1939! 


R. William Eschmeyer and Clarence M. Tarzwell 


An inventory of fishing on Norris, a 
storage reservoir, was begun in 1938. 
The following year it was extended to 
Wheeler, a run-of-the-river reservoir, 
and to the tailwater area below Wilson 
Dam. This inventory, therefore, cov- 
ered each of the three general types of 
fish habitats created by the TVA dams. 
This discussion is a summary of the 
1939 fishing data, together with recom- 
mendations for fish management based 
on the creel census information. The 
data collected totaled 34,270 usable 
fishing records, representing a catch of 
98,495 fishes. 

An estimate of the amount and value 
of fishing in the Tennessee Valley is not 
available, but this resource obviously 
constitutes an important asset to the re- 
gion. The total number of man-days of 
fishing on Norris is roughly calculated 
to be 125,000; on Wheeler it is esti- 
mated to be about 200,000; and in the 
Wilson Dam tailwater approximately 
32,000. Fishing on these three waters 
alone, therefore, represents about one- 
third of a million man-days. In addi- 
tion, fishing is known to have been 
heavy on Wilson Reservoir and in the 
taillwaters below Guntersville and 
Wheeler Dams. The catch in 1939 in the 
major waters of the Valley probably ex- 
ceeded a million fishes. 

In 1939 Pickwick and Guntersville 
Reservoirs were too new to have a rea- 
sonably large fish population, and Hi- 
wassee and Chickamauga Reservoirs 


‘Published by permission of the Ten- 
nessee Valley Authority. 


were not yet impounded. On several 
other projects, dam construction has 
been started only recently. When these 
reservoirs are completed and their fish 
populations have had an opportunity to 
become well established, the total catch 
for the Tennessee River and its tribu- 
taries will undoubtedly be much greater 
than it is at present. 

Reliable data are not available on the 
extent of fishing before impoundment, 
but the catch in the reservoirs is now 
undoubtedly far greater than it was in 
the river before the dams were built. 
There is little reason to believe that 
these impoundments will tend to be- 
come “biological deserts” after a few 
seasons. Wilson Reservoir has been in 
existence for fifteen years but is still 
fished intensively, and the tailwater im- 
mediately below the dam yielded about 
125,000 pounds of fish in 1939. 


PuRPOSE OF THE CREEL CENSUS 


This inventory of the fishing is taken 
to provide information needed to man- 
age properly the fishing resources. Reg- 
ulation is thought to be the major tool 
in the management of large waters, with 
environmental improvement and stock- 
ing probably of secondary importance. 
The specific purpose of the inventory, 
therefore, is to obtain information on 
which to base recommendations for 
regulations. These regulations would 
presumably maintain a desired balance 
among the various species so that the 
coarse fishes do not increase in numbers 
and become dominant at the expense of 


15 
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the more valuable pan and game fishes. 
The laws are, of course, made and en- 
forced by the States in which the waters 
are located. 

The data will indicate the relative 
abundance of game, pan, food, and 
coarse fishes in the catch and, over a pe- 
riod of years, will tend to show the evo- 
lution and trend of the fish population 
in these new waters, making it possible 
to anticipate needed regulations. An- 
other purpose of the census is to evalu- 
ate the fishery by learning the amount, 
kind, quality, and economic value of the 
fishing. The 1939 creel census is to be 
regarded as a preliminary step in the 
general inventory for it covers only 
three waters and, on two of these, only 
one major kind of fishing. 


Kinps oF HABITATS 


The three general types of fish en- 
vironments created by impoundment in 
the Valley are distinctly different. Their 
major characteristics are briefly as fol- 
lows: 

Norris. The storage reservoirs are lo- 
cated on tributary streams near the up- 
per part of the Valley. That under 
consideration, Norris, has one major 
fluctuation each year, the water level 
being high in summer and low in win- 
ter. This reservoir, which is in rugged 
terrain, has an irregular shoreline, much 
of which is steep. It has an area of 
34,200 acres and a shoreline of 705 
miles when at elevation 1,020. The wa- 
ter is generally clear, but coarse vege- 
tation is absent and bottom organisms 
are few due to the annual fluctuation of 
fifty or more feet and because of bot- 
tom stagnation. There is a decided ther- 
mal and chemical stratification and 
little river influence, because of the rela- 


tively large storage volume in compari- 
son to the inflow. Hiwassee Reservoir is 
of this same general type. 

Wheeler. Wheeler, like the other run- 
of-the-river reservoirs, is on the main 
channel of the Tennessee River. Al- 
though it resembles Norris in having an 
irregular shoreline, it is decidedly dif- 
ferent in most other respects. The 
surrounding country, which is largely 
farm land, is fairly flat and shoal areas 
are very extensive in some parts of the 
reservoir. There is a major river influ- 
ence and, therefore, no stratification. A 
definite current is present in the former 
river channel for over two-thirds the 
length of the impoundment, and in time 
of flood the entire reservoir becomes a 
river with a perceptible current in the 
backwaters and a fairly rapid flow in 
the channel. 

The water is generally murky, becom- 
ing muddy throughout the reservoir 
at times of increased flow. In summer 
there are frequent minor fluctuations 
in water level coupled with a grad- 
ual drawdown. In winter the level is 
several feet below normal summer level. 
Flood control is a function of this and 
other reservoirs, hence the low early 
winter level. These drawdowns and the 
high turbidity are probably responsible 
for the absence of submerged aquatics. 

Unlike Norris Reservoir, Wheeler of- 
fers considerable diversity of fish habi- 
tats and can be divided into three more 
or less distinct sections: an upper third 
where water is confined primarily to the 
original channel; a middle third where 
water overflows the banks of the stream; 
and a lower third where the lake ex- 
tends to the fairly steep margin of the 
flood plain. 

River conditions prevail in the upper 
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third which differ from those before im- 
poundment chiefly in greater depth of 
water. Shoal areas are largely lacking, 
the water being confined to the former 
channel where the flow is not as fast as 
it was prior to damming, but a percep- 
tible current is always present. The wa- 
ter is more turbid in this upper portion 
than in the lower reaches of the reser- 
voir, but there is little silt deposition 
and the original bottom materials are 
still present. Fishing here has changed 
little from that practiced before im- 
poundment except, of course, in the 
tailwater below Guntersville Dam. Set- 
line fishing is practiced extensively and 
the take by this method consists mainly 
of catfishes and drums. Bank fishing 
with cane poles is second in importance, 
and sport fishing is of minor signifi- 
cance. Most of the fishing is done by 
plantation workers and its intensity de- 
pends considerably on the extent to 
which these laborers are needed in the 
cotton fields. Fishing here is chiefly to 
provide food and, to some degree, to 
supplement the income received from 
farming. 

The upper portion of the reservoir 
merges gradually into the middle sec- 
tion where, due to the gentle slope of 
the valley, the water spreads over the 
adjoining flats on both sides of the chan- 
nel. This area is characterized by wide, 
shallow-water areas that are separated 
from the main channel by natural levees 
which become shallowly submerged to- 
ward the lower end of the section so 
that the flats are confluent with the 
channel. The shoreline in this area is 
very irregular and there are many pro- 
tected coves where shrubs and trees are 
abundant. Here the tributary streams 
have extensive flats where swamp con- 


ditions formerly prevailed. Much of the 
water in these latter areas is less than 
three feet deep and the frequent small 
fluctuations alternately expose and cov- 
er some thousands of acres that have 
been invaded by such plants as spiny 
waterleaf (Nama quadrivalve), water 
purslane (Isnardia palustris), and liz- 
ardstail (Saururus cernuus). The flats 
exposed by the drawdown are colonized 
by such plants as cocklebur (Xanthium 
americanum) and other land annuals. 
When the water rises in the spring, 
these plants enrich it by the addition of 
organic material. 

In the lower part of this section the 
backwater is deeper and the channel 
loses its identity when the flow is nor- 
mal. Silting takes place here even in the 
original channel. Much of the fishing is 
concentrated in this rich mid-portion of 
the reservoir, and angling for pan and 
game fishes has increased many fold 
since impoundment. 

The middle section grades into the 
lower, which is characterized by lake 
conditions as there are wide stretches of 
deep, open water that extend to the 
moderately steep edges of the fiood 
plain. The water is much clearer in this 
section than in the upper portions of the 
reservoir. Wave action is more pro- 
nounced and beaches are being formed. 
Silting takes place in this area and the 
original bottom material has been cov- 
ered, causing the mollusks to disappear 
and mollusk-eating fishes, such as the 
drum, to be in poor condition and per- 
haps decreasing in abundance. Bass are 
common here and catfishes are taken in 
considerable numbers. The mooneye, 
gizzard-shad, and open-water species 
are plentiful. 

All major reservoirs on the Tennessee 
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River proper are of the run-of-the-river 
type and the conditions described for 
Wheeler prevail also on the other im- 
poundments. 

Wilson Dam Tailwater. Wilson Dam 
tailwater is actually part of Pickwick 
Lake. It differs from the lake proper 
primarily in that rapid water continues 
for a mile or more downstream. The 
area is really a large, rapid, turbulent, 
well-aerated river attracting fishes that 
show a preference for, or at least a tol- 
erance to, fast river conditions. The 
deep pool and the large rocks immedi- 
ately below the dam are apparently 
very attractive to the fishes, for a ma- 
jority of them are taken in this moder- 
ately small area. 

Each of the three habitats briefly dis- 
cussed above has management prob- 
lems peculiar to itself and, for this 
reason, the creel census and the man- 
agement suggestions for each are pre- 
sented separately. 


Norris REsERvVOIR FISHING 
INVENTORY 


General Creel Census. Information on 
the fishing and fish catch on Norris 
Reservoir in 1939 is based on 7,392 fish- 
erman-days, about half of them from 
Norris Dock and the remainder from 
Stiners, Cedar Grove, Andersonville, 
and Hickory Star Docks. At Norris 
Dock the census was taken by CCC 
personnel from TVA Camp No. 45, and 
does not include fishing on Saturday 
afternoons and Sundays. At the other 
docks the operators cooperated directly 
with the Foestry Relations Department 
in taking the census. At Stiners and 
Cedar Grove Docks, records were ob- 
tained for most of the fishing, but at the 
other two docks for a smaller propor- 


tion. The data are for the period from 
June 1, opening day of the season, to 
late November. 

In the 7,392 fisherman-days listed 
8,641 fishes were caught in 40,623 hours 
(Table 1). Five major game fishes con- 
stituted 91 per cent of the catch taken 
by anglers fishing out of the five docks, 
General data on the fishing for all docks 
combined are presented in Table 1, 
where the information is compared for 
1938 and 1939. Table 2 shows the rela- 
tive abundance of the several species in 
the catch. Eighty per cent of all the 
fishes taken were bass—50 per cent 
largemouth, 24 per cent smallmouth, 
and 6 per cent Kentucky. Walleyes con- 
stituted 9 per cent of the total catch and 
saugers 2 per cent. 

Data for 1938, August to November, 
and for the same period in 1939 show 
similar catches per hour. Actually, how- 
ever, fishing was considerably better 
during the 1939 period, because 91 per 
cent of the fishes taken then were major 
game species, whereas in 1938 these 
made up only 66 per cent. The larg: of 
the game fishes, the walleye, was .aree 
times as well represented in the 1939, as 
in the 1938, take. Observation indicates, 
too, that the game fishes averaged 
larger in size in 1939. 

In a new reservoir, alterations in the 
fish population are sometimes rapid. 
Two rather deeided changes in the 
trend are suggested by a comparison of 
the information for the two seasons. 
Walleyes are apparently very much on 
the increase and bluegills of catchable 
size are rapidly decreasing in number. 
The increase of walleyes from about 3 
per cent to 9 per cent, and the decrease 
of bluegills from 30 per cent to 6 per 
cent in the catch, are significant. Crap- 
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TABLE 1 
SUMMARY OF FISHING ON NORRIS RESERVOIR FOR 1938 AND 1939 
Number of Fishes Hours Catch 
Year Month anglers caught fished per hour 
1938 August 411 654 2,615 0.3 
September 1,079 1,628 6,591 0.2 
October 1,432 2,794 8,472 0.3 
November 577 1,394 3,327 0.4 
1939 June 2,658 3,635 14,643 0.2 
July 1,271 729 6,875 0.1 
August 1,345 727 6,600 0.1 
September 1,061 1,543 6 ,033 0.3 
October 1,011 1,937 6,201 0.3 
November 46 70 271 0.3 
Average 0.2 
Totals (1939) 7,392 8,641 40 ,623 


pies are fairly well established in a few largemouth and smallmouth basses in 
localities, but their distribution through the catch from different parts of the 
the reservoir has not yet become gen- reservoir. 

eral. Except for one specimen, all of 114 1. At the dock farthest up the arm 
crappies were reported from one of the receiving the major inflow of water, the 


five docks. ratio of largemouth to smallmouth was 
An interesting correlation exists be- 7:1. 
tween the position of the docks on the 2. At a dock some miles downstream 


lake and the relative abundance of onthe same arm, the ratio was 5:1. 


TABLE 2 


RELATIVE ABUNDANCE IN THE CATCH OF THE VARIOUS SPECIES, 
EXPRESSED AS A PERCENTAGE OF THE TOTAL CATCH, 
BY MONTHS. NORRIS RESERVOIR 1939! 


























Black Bass — ™ ‘ — 
Jall- ue- rap- iscel- 
Month Large- | Small- | Ken- eye Sauger gill pie* Carp | janeous' 
mouth | mouth | tucky? 
June 53 21 6 11 1 4 3 1 — 
July 58 16 4 6 1 9 — 3 1 
August 45 29 2 5 1 15 — 1 3 
September 43 30 6 9 3 rj — — 1 
October 50 26 8 6 3 5 — — —_— 
November 41 23 31 3 : oe — = _— 
Averages 
(1939) 50 24 6 9 2 6 1 1 1 
Averages® 
(1938) 39 24 — 3 — 30 — 1 3 





1 The total number of fishes on which the percentages are based is listed in Table 1. 
? Some Kentucky bass were probably included in the largemouth. 

* Black Crappie (Pomozis sparoides). 

‘ Includes rock bass, catfishes, suckers, drum, and sunfishes. 

* August to November only. 

* Included with the largemouth bass. 

7 Included with the walleyes. 
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3. At another dock still farther down- 
stream, on a large expanse of water on 
the same arm, the ratio was 1.5:1. 

4. The catch from the dock at the 
dam had a ratio of 1:1, with the small- 
mouth slightly predominating. 

5. At a dock far up the arm receiving 
the second greatest inflow, the ratio was 
3:1. 

Reasons for this correlation are con- 
sidered later under a discussion of chem- 
ical conditions (pp. 23-24). 

Except for this relationship between 
the most common bass species, the 
catch was relatively similar at each of 
the several docks. The percentage of 
game fishes in the total fish take at each 
of the five docks was 92, 89, 88, 96, and 
96, respectively. The catch per angler 
was similar at Cedar Grove and Stiners 
Docks, the management of which re- 
turned cards for almost all fishing and 
apparently showed no inclination to for- 
get to report on fishermen taking no 
fish. One had a catch of 1.2, and the 
other 1.4, game fishes per angler. At 
Norris Dock, where the census was 
taken by the CCC and was almost com- 
plete for five and one-half days of each 
week, the catch per angler was only 0.8. 
The reason for this difference is ex- 
plained later under the discussion of 
chemical data. 

The total amount of fishing on Norris 
can be estimated only roughly. Be- 
tween July 28 and August 14 anglers 
along the entire shoreline were counted, 
except in the extreme upper portions of 
several of the arms where travel by out- 
board was hazardous or impossible. The 
count, made on week days, totaled 117 
anglers in boats, and 111 bank fisher- 
men. These data are exclusive of an- 
glers in boats out of the docks. In mak- 


ing the count all points were passeq 
only once. Because the average fisher. 
man-day is only about 5 to 6 hour, 
either morning or afternoon, the actual 
number of fishermen each day for the 
period was probably twice the number 
seen, or about 400. Earlier in the season 
the number of fishermen was undoubt- 
edly greater. By October, when another 
count was made, the number had de- 
clined to 44 bank, and 92 boat, fisher- 
men. About 100 and 200 bank and boat 
fishermen, respectively, are considered 
to have been fishing per day. 

On the basis of an estimate of 400 an- 
glers a day for the months of May to 
September inclusive, and 300 for March, 
April, and October, the total number of 
fishermen other than those operating 
from the docks is estimated at about 
87,000. The August count showed that 
in addition to boats located at the docks 
there were 678 crafts along the shore, all 
or almost all of which were used for 
fishing. Perhaps half of these were en- 
ployed in setline fishing and the other 
half for casting, still-fishing, and troll- 
ing. In the October count the number of 
boat fishermen who hired boats at the 


docks was about equal to all the others, 


the counts being 86 and 92, respective- 
ly. In August no count was made of the 
fishermen in the first group. On the ba- 
sis of this rather meager information, it 
is estimated that the total amount of 
fishing on Norris in 1939 was about 
125,000 fisherman-days. 

The game fishes caught were of large 
average size. Where more than two of 
one species were caught per boat, the 
range, rather than the _ individual 
lengths, was frequently listed and in- 
formation on size is therefore available 
for only a part of the catch (Table 3). 
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The most common size was fourteen 
inches for each of the three species of 
bass. 

TABLE 3 


RECORDED LENGTHS OF BASS AND 
WALLEYES IN THE CATCH FROM 
NORRIS LAKE, 1939 








Len athe! Number of fishes 














, he ,| Large- | Small- | Ken- | Wall- 

inches’ | mouth | mouth | tucky eye 
11 85 71 19 _ 
12 202 154 31 —_ 
13 185 174 62 —_ 
14 361 277 89 —_ 
15 183 191 55 21 
16 179 201 31 54 
17 62 100 7 43 
18 51 56 2 56 
19 20 21 1 32 
20 9 9 1 34 
21 — — — 32 
22 — — = 37 
23 — — — 34 
24 — me — 53 
26 — — — 45 





1 Including also fractions; for example, all 
fishes between 14 and 15 inches in lengths 
were listed as 14. 


Two size groups are indicated for 
walleyes, one at sixteen to eighteen 
inches, the other at twenty-four to 
twenty-six inches. 

Average lengths of the principal game 
species at the end of the 1938 growing 
season (Eschmeyer 1940) were as fol- 
lows: 








Average length in inches 

















Age 
years | Large- | Small- | Ken- | Wall- 
mouth | mouth | tucky eye 
11.5 17.2 


2 13.0 12.5 
3 a 14.5 14.0 22.1 





The largemouths caught were mostly 
in their third year (2+); the other two 
basses were represented by both age 
groups (2+ and 3+). The tendency 


for the size curve of walleyes to be bi- 
modal is explained by the catch of both 
year classes (2+ and 3+). The lengths 
recorded in Table 3 cover the entire 
growing season for bass and most of the 
growing season for walleyes. For this 
reason, the age groups can not generally 
be distinguished in the table. 

Special Creel Census. Special census 
cards calling for more information than 
the regular blanks were distributed to 
about 200 fishermen who would pre- 
sumably fish twenty times per year or 
more, and who would submit reports on 
all of their fishing trips. For the June 
fishing 607 cards were received, and for 
the next four months the numbers were 
193, 83, 109, and 51, respectively. In 
1,043 trips these anglers took 1,970 
fishes, almost all of which were of game 
species. This represents almost two 
game fishes per trip as compared with 
only 0.8 game fish per trip for all fishing 
out of the Norris Dock. Most of the fish- 
ing for the special census was in the 
lower portion of the reservoir. 

Those who fished most frequently 
were more successful than the average, 
although they also were unsuccessful in 
almost a third of their trips. Had the 
summer of 1939 been rainy instead of 
exceptionally dry, these consistent fish- 
ermen would probably have had a much 
better average catch, as indicated un- 
der a discussion of chemical and thermal 
conditions. 

A tabulation of the kinds of bait and 
methods of fishing used (Table 4) shows 
that most of these anglers employed 
artificial bait and that casting was the 
most common fishing method in June 
and July, with trolling predominating 
for the remainder of the season. The 
kind of bait and method of fishing which 
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took the most fish per angler were those 
used by most of the fishermen. 

In June, fishing was mostly by cast- 
ing and trolling, with the former slight- 
ly more effective. In July, casting still 
led, but trolling was slightly more pro- 
ductive. Trolling predominated during 
the next month and was decidedly the 
most effective way of fishing for this 
and the following months. In this con- 
nection, an important point not indi- 
cated by the data is that in June most of 
the trolling was shallow, but by August 
it was almost all with metal lines in 
about twenty to twenty-five feet of wa- 
ter. The latter method was very effec- 
tive throughout late summer and fall 
and probably would have been effective 
in June and early July had it been used 
at that time. The deep trolling with 
plugs took the larger smallmouth bass 
(of the 3-++- age group) and was undoubt- 
edly the most successful method of fish- 
ing. 

Effect of Chemical and Thermal Con- 
ditions on Fishing. Limnological data 
have frequently been of little value to 
the fisheries worker because of the in- 
ability to interpret these data in terms 
of fish populations or fishing. Extensive 
data collected by Dr. A. H. Wiebe on 
Norris Reservoir, however, explain the 
success or failure of several fishing 
methods at various localities and at dif- 
ferent seasons. His finding of major in- 
terest to fishermen is illustrated dia- 
grammatically in Figure 1 He noted a 
decided difference in the vertical dis- 
tribution of oxygen during wet and dry 
seasons, and found these differences to 
be due to the volume, temperature, and 
turbidity of the incoming water (Wiebe 
1940). 

Because water naturally seeks its own 


density level, during spring, summer, 
and fall the incoming water moves as a 
layer between the warmer circulating 
surface layer, the epilimnion, and the 
deeper, cooler, non-circulating portion, 
the hypolimnion. During a wet year 
this silt-laden stratum goes all the way 
to Norris Dam, a distance by channel of 
73 miles. Due to the silt and other ma- 
terials in this water, it loses its oxygen 
through decay and becomes an oxygen- 
less? stratum between two aerated lay- 
ers. Fish can live above or below this 
layer of water (Figure 1), but not in it. 
This situation explains a number of oc- 
currences relative to the fishing. 

It is known that the smallmouth bass 
prefers clear, cool water, and that the 
largemouth is more tolerant of warm, 
silty water. In the upper part of the 
reservoir the water is not as clear as at 
the dam, and the cool, deeper water is 
generally without sufficient oxygen dur- 
ing the fishing season. This explains 
why the ratio of largemouth to small- 
mouth ranges from 7:1 some distance 
up the Clinch arm to 1:1 near the dam 
where clear, cool, aerated water is gen- 
erally available. 

In 1939 the middle, oxygenless layer 
on the Clinch arm extended only about 
to the portion known as Loyston Sea 
(relative position indicated by the ar- 
row in Figure 1). Above this arm the 
fish tended to be concentrated in the 
warm, upper layer. Below that point 
they could live at all depths and appar- 
ently preferred to be in the cool water 
immediately below the warm, upper 
layer. Deep trolling was, therefore, by 
far the most effective method of fishing 


2 Oxygen is either entirely lacking, or is 
present in quantities too small to support fish 
life. 








24 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 5, No. 1, JaNuaARyY 1941 


in the lower part of the lake, but was 
very ineffective in the upper portion be- 
cause the bait, at a depth of about twen- 
ty-five feet, was traveling in the silty, 
oxygenless layer. Casting and shallow 
trolling were probably much more pro- 
ductive in the upper reaches, even 
though in warm water in midsummer, 


‘ Surface of Reservoir, 


In early June, casting and shallow 
trolling are best if the spawning season 
was late; deeper fishing is best if the 
spawning season was early. 

In midsummer, deep fishing is ree- 
ommended in the lower part of the 
reservoir; shallow fishing (surface to 
about 5 feet) in the upper end. 











Depth in Feet 











[] Adequate oxygen for fish life in this area. 
EEE inadequate oxygen for fish life in this area. 
[J Transition zone- Oxygen questionable for Fish life. 


Q Sy 0 ba 9 © 
Miles from Dam 








Fig. 1. The oxygen profile of the Clinch arm of Norris Reservoir for September 1937. In 
1939, an exceptionally dry season, the layer with inadequate oxygen extended only about 





to the point indicated by the arrow. For explanation see text. 


bass and walleyes are not as readily 
taken as at other seasons. During a 
rainy summer, the fishes throughout the 
lake are concentrated near the surface 
and casting, shallow trolling, and still 
fishing can be expected to be more suc- 
cessful than deep trolling, unless possi- 
bly the trolling is very deep, below the 
oxygenless layer. 

Because the vertical distribution of 
the fishes depends on the length and 
thickness of the oxygenless layer, and 
the movement and mass of this layer de- 
pend on the amount of inflowing water, 
the amount of rainfall determines the 
location of the fishes with reference to 
depth. Suggestions for fishing, based on 
the chemical data and supported to 
some degree by fishing records, may be 
summarized as follows: 


In late summer and fall the best 
methods are deep trolling in the lower 
end of the reservoir if the season was 
fairly dry; shallow fishing if rainfall was 
heavy during earlier summer; and shal- 
low fishing in the upper end regardless 
of rainfall. 

The catch per angler would probably 
have been much better early in 1939 
had the fishermen known how and 
where to fish. Because of the absence of 
lakes in this general area, few of them 
had fished in such waters’ before the 
construction of Norris Reservoir. How- 
ever, even previous experience would 
probably have been of little value to 
those fishing in Norris because the oxy- 
gen conditions here are different from 
those generally found, due to the un- 
usual shape of the reservoir. 
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Management Suggestions. Except as 
indicated earlier, the catch appears to 
be similar throughout Norris Reservoir. 
No one dock has decidedly better fish- 
ing than others. More than half of the 
anglers fishing from the five docks were 
from Knoxville, and proximity and ac- 
cessibility of the docks to this city is 
probably of considerable importance. 
It happens, however, that a number of 
the docks are about the same general 
distance from Knoxville. The relative 
success of any one of the docks of about 
equal distance from Knoxville, there- 
fore, may depend on scenic aspects, 
road conditions, quality of service ren- 
dered, personality of the operators, the 
catching of an exceptionally large fish, 
advertising, or any other of a number of 
factors which might not be of very great 
significance if distances from Knoxville 
or the quality of fishing differed de- 
cidedly for the various docks. 

Eventually, nearness to a major high- 
way may be of more importance than at 
present, especially if sportsmen en- 
route to and from Florida in winter 
learn that fishing tends to be good in 
late fall and early spring. These com- 
ments can hardly be considered as con- 
tributions to fish management, but the 
number and location of docks is deter- 
mined by the Authority and informa- 
tion on the residence of the anglers and 
on the quality of the fishing in various 
localities may be of some significance. 

Bluegill (bream) fishing has declined 
decidedly since 1938. The percentage of 
this fish in the total catch from the docks 
dropped from 30 per cent in 1938 to only 
6 per cent for the next season. The fishes 
are small in size and stunted in growth. 
Stringent regulations might be sug- 
gested if it were not known that the 


small bream are relatively old, that 
growth of these insect-eaters is very 
slow and that, because of the annual 
drawdown, these fishes cannot be ex- 
pected to be both large and abundant. 
Any regulations made to protect the 
bluegill would be of little value. 

The crappie, now common only in 
some portions of the lake, is gaining 
rapidly and may eventually be the chief 
pan fish. It should be given protection 
during the spawning season and its 
spread should be encouraged by intro- 
ducing it in various localities in which it 
is now absent or at least too rare to be 
caught by the anglers. 

In 1939 there was a closed season on 
the major game fishes, but not for all 
fishing. Examination of the evidence in- 
dicates that a closed season on all fish- 
ing is desirable for there is no unfavora- 
ble balance between the game fishes and 
coarse or undesirable species. Census 
records show that most of the fishes 
taken, even with live bait, are of game 
species. The growth of the fishes is very 
rapid, suggesting that the game fish 
population has not yet reached its peak 
and that food is plentiful. In addition, 
the closed season can be better enforced 
if the lake is closed to all fishing. Spawn- 
ing is generally near shore and only a 
very narrow belt around the lake is of 
suitabie depth. The fishes are, therefore, 
concentrated at spawning time. The 
shoreline is long, irregular, and mostly 
wooded, making enforcement difficult. 
The ease with which game fishes can be 
caught at bass spawning time is indi- 
cated by the special creel census cards 
prepared by anglers who assisted in ob- 
taining specimens for growth-rate stud- 
ies in May 1939 under our immediate 
supervision. The three most successful 
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of the half dozen or so who assisted have 
records as follows: 


‘iis Total bp = 
Angler Number jours 2 ea of game 
of trips per fish per 

iia fished a hour 

1 3 24 18.3 2.3 

2 8 544 15.9 2.3 

3 7 503 10.3 1.4 


The number taken by the average 
angler would be lower per trip, but some 
hundreds of anglers could readily de- 
plete the bass supply if allowed to fish 
during the spawning season. The Ten- 
nessee Conservation Department has 
recently decided to close Norris to all 
fishing during the bass spawning period. 


WHEELER RESERVOIR FISHING 
INVENTORY 


Wheeler, which is a run-of-the-river 
reservoir, has a length of seventy-four 
miles, an area of 67,100 acres, and a 
shoreline, including islands, of over 
1,000 miles. Here fishing is of three 
types: sport fishing, meat or subsistence 
fishing, and commercial fishing. Sport 
fishermen generally troll or cast from 
boats, or wade and cast from the bank. 
The most sought for species are the 
black basses, the crappie, the white or 
striped bass, and the sauger. 

Over the reservoir as a whole, the 
subsistence fishing is chiefly by negroes. 
This type of fishing is mainly from the 
bank, each angler using from 2 to 8 cane 
poles. The common earthworm ranks 
first in importance as bait, with cut 
bait second. The catch is chiefly carp 
and dogfish but also includes bluegills, 
sunfishes, suckers, buffalo fishes, drum, 
catfishes, in fact any species that can be 
caught. Here, as in the southwest, the 
carp seems to take bait more readily 
than in the north. The dogfish, locally 
known as “scaly cat,” is highly es- 


teemed by the negroes and is not re 
garded as an undesirable predator as it 
is in some other localities. Subsistence 
fishing is heaviest in March and April 
The extent of this kind of fishing de. 
pends on the amount of time the men 
can be spared from the cotton fields, 

Commercial fishing is by setline only, 
as nets are prohibited. Food fishes (cat- 
fishes and drum) are predominant in the 
catch, but carp are important in some 
localities. The species taken depends 
somewhat upon the bait used. It is 
judged that commercial fishing ac- 
counts for a good proportion of the total 
fishes taken. Our data for 1939 are con- 
fined to the first two types of angling, 
but it is planned to collect records of 
commercial fishing during 1940. 

Information on the fishing in this res- 
ervoir was obtained largely by the op- 
erators of six boat docks that were 
opened in April 1939. The TVA leases 
these dock sites to individuals and en- 
forces the necessary regulations. On 
Wheeler, William Rice who is in im- 
mediate charge of the Wheeler Reser- 
voir properties, greatly aided the proj- 
ect by requiring the boat dock opera- 
tors to keep the census records. Five of 
these docks were in the central section 
of the reservoir where pan fishes pre- 
dominated in the catch; the other was 
in the lower section, presumably the 
better habitat for bass. Some data were 
also taken at four docks that began op- 
eration late in the season, and by one 
of the Alabama game wardens. The 
data from these latter sources are re 
corded as “miscellaneous.” 

Fishing records for the dock immedi- 
ately below Guntersville Dam are dis- 
cussed with those from the Wilson Dam 
tailwater. 
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Information on the fishing and fish 
catch on Wheeler for 1939 is based on 
the recorded catch for 8,045 fisherman- 
days. The fishermen took 20,781 fishes 
in 48,793 hours, an average of 0.4 fish 
per hour and of 2.6 fishes per trip. 
Twenty-eight per cent of all the fishes 
taken were game fishes (25 per cent bass 
and 3 per cent white bass); forty-two 
per cent pan fishes (16 per cent blue- 
gills and 26 per cent crappies) ; fourteen 
per cent food fishes; and sixteen per 
cent coarse fishes. General data for the 
fishing for each month are presented in 


ber may be partly attributed to the 
anglers’ lack of knowledge regarding 
their habits. The changes in the rela- 
tive abundance of bass in the catch are 
partially due to a difference in the num- 
ber of records from various docks. A 
high percentage of bass was taken at 
one dock, and on months when this 
dock submitted a large number of rec- 
ords the relative abundance of bass no- 
ticeably increased in the combined re- 
turns for all docks. During the period of 
the census the average catch and the 
average fisherman-day, as well as the 


TABLE 5 


SUMMARY BY MONTHS OF SPORT FISHING ON WHEELER 
RESERVOIR DURING 1939 


Month Number of _— Fishes Hours Catch Catch me 
fishermen caught fished per angler per hour h vba 

April 1,880 4,508 10,602 2.4 4 5.6 
May 2,131 5,117 12,833 2.4 4 6.0 
June 1,510 3,957 9,155 2.6 4 6.1 
July 1,283 4,183 8,011 3.2 5 6.2 
August 491 1,314 3,285 2.7 4 6.7 
September 474 1,138 3,228 2.4 4 6.8 
October : 247 467 1,526 1.9 3 6.6 
November 29 97 153 3.3 6 2.3 
Totals and 

Averages 8,045 20,781 48,793 2.6 4 6.0 


Table 5. Table 6 shows the relative pro- 
portion of each species in the catch and 
the abundance of the different types. 
Certain definite trends are noted in 
the catch (Table 6), including the usual 
crappie-bluegill relationship. The crap- 
pie catch is bimodal, the peaks coming 
in spring and fall while the mode of the 
bluegill catch comes in midsummer 
when the crappie catch is low. This re- 
lationship was found at all docks and 
has been noted in other waters where 
these two fishes are represented. The 
crappies presumably move to deeper 
water in midsummer and failure to take 
them at that time in appreciable num- 


average catch per hour, varied only 
slightly from month to month. In No- 
vember the catch increased to 0.6 fish 
per hour, and the time spent fishing 
dropped to an average of 2.3 hours. This 
may be explained by the factor of cooler 
weather and more expert fishermen. As 
indicated in Table 5, fishing was heavi- 
est in May, declining as the season ad- 
vanced. 

The catch in different parts of Wheel- 
er Reservoir varies considerably. This 
is probably due to the difference in hab- 
itats. The take in the middle portion of 
the reservoir is somewhat dissimilar at 
the various docks, but on the whole dif- 
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fers considerably from that in the lower 
portion of the reservoir where game and 
pan fishes constituted almost the entire 
eatch. The percentages of game fishes 
in the total catch at each of the six docks 
having the best records were 64, 9, 30, 
32, 42, and 11 per cent, respectively. 
Listed in the same order, with the catch 
at the dock in the lower section first, 
the percentages of pan fishes were 34, 
66, 26, 48, 42, and 62; those of food 
fishes 0, 9, 21, 6, 4, and 14; and of coarse 
fishes 1, 15, 22, 14, 11, and 13. The 
catch per hour and the catch per angler 
differed considerably at the several 
docks, varying from 0.9 fish per angler 
and 0.1 fish per hour to 5.5 fishes per 
angler and 0.9 fish per hour. The better 
catches were made in the middle reaches 
of the reservoir where pan fishing was 
dominant, and the poorer fishing was in 
the lower section where bass predom- 
inated. A comparison of the fishing at 
three docks is made in Table 7. Dock A 
isin the lower third of the reservoir, and 
Docks B and C are in the middle por- 
tion where most of the docks are lo- 
cated. Dock B is in the shallow back- 
water area where cover is abundant and 
where minor water fluctuations exert a 
considerable influence. Dock C is on the 
backwater of a tributary stream some 
distance from the main river. Dock A 
is located on a large open bay having 
deep water and a restricted connection 
with the main reservoir. Largemouth 
bass were predominant in the catch at 
this dock. Because many large fishes 
were taken, a great number of fishermen 
tame here and this operator did more 
business than all the others combined, 
even though the catch per hour and the 
catch per angler (Table 7) were lower 
than at any other dock. Pan fishes were 


dominant in the catch at Dock B, being 
66 per cent of the total catch, while 
game fishes constituted only 9 per cent. 
Food and coarse fishes were well repre- 
sented, but were not nearly as abun- 
dant as at Dock C where the food fishes 
represented 21 per cent of the catch and 
coarse fishes 22 per cent. The catch of 
game and pan fishes was accordingly 
lower at Dock C than at any of the 
other docks, being only 56 per cent of 
the total, while at the other docks the 
proportion of these fishes ranged from 
75 to 98 per cent of the entire take. 

Dock B was more readily accessible 
than Dock A and the catch per hour was 
twice as great but its gross income from 
fishing was, nevertheless, poor com- 
pared with that of Dock A. Dock C, 
with the highest catch per hour and per 
angler, was discontinued in August be- 
cause it was an economic failure. Catch 
per hour and accessibility are apparent- 
ly of secondary importance on Wheeler. 
Docks in the area where game fishes 
rank high in the catch may be expected 
to be the most successful. Pan, food, and 
coarse fishes can be taken by bank fish- 
ing since renting boats from the docks 
is unnecessary. The game fishes, chiefly 
largemouth bass, are obviously more 
sought for and of more value to the 
dock operators than the other species 
and should be given special considera- 
tion in any management program. 

The total amount of fishing on Wheel- 
er can be only roughly estimated. Early 
in October, during the cotton picking 
season when fishing is light, anglers 
along the entire shoreline were counted. 
The count, which was made on week 
days, revealed the presence of 294 fish- 
ermen. Because each part of the shore 
was passed only once and the average 
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angler fishes only a half day (either 
morning or afternoon), the number of 
fshermen at this time was estimated at 
about 500 per day. The number fishing 
from April to September averaged much 
higher, possibly twice as many. On the 
basis of this meager information, the to- 
tal number of fisherman-days is roughly 
estimated at about 200,000 for the year. 
At the time of the fishermen censuses, 
boats were also counted. Eight hundred 
and eighty-five boats were noted along 
the banks of the reservoir. These are all 
used for fishing. Possibly half of them 
are employed for setline fishing. 

Management Suggestions. On the ba- 
sis of present incomplete knowledge of 
the fishing and fish conditions in Wheel- 
er Reservoir, only a few recommenda- 
tions can be made for the management 
of the water. The introduction of white 
and yellow basses has been successful, 
but the stocking of other species appears 
to be undesirable at this time. Environ- 
mental improvement in such large wa- 
ters is necessarily limited, but spawning 
facilities for catfishes have been locally 
increased by putting out cans to serve 
as nests. This work should probably be 
extended to other localities in the reser- 
voir. 

A constant water level would be de- 
sirable for the establishment of aquatic 
vegetation, for food production, and the 
spawning of certain species of fishes, but 
constant levels cannot be maintained 
because functions such as flood con- 
trol, which require fluctuations, must be 
given priority. Efforts have been made, 
however, by the Water Control Board 
to maintain constant pool levels during 
the spawning time of the game fishes. 
Stabilization of water levels during this 
period, when even small fluctuations 


may be disastrous to the year’s hatch, 
should be especially beneficial to the 
bass. Another factor tending to limit 
productivity is the muddy water enter- 
ing the reservoir. Not only does this 
limit the plankton, but it also has an 
adverse effect on bottom organisms. 
Reduction of the amount of mud enter- 
ing the reservoir is a long-time project 
as it depends on controlling erosion on 
the watershed. This work is now being 
promoted by the TVA under its forestry 
and agricultural programs. 

The reservoir should be closed to 
bass fishing during the bass spawning 
season, but can perhaps remain open to 
fishing for most of the other species. 
Bass fishing has been especially heavy 
during the spawning season and there is 
reason to believe that this is at least 
partly responsible for the low percent- 
age of bass in the catch. Population 
studies in various portions of the reser- 
voir indicate that bass comprise only 
about 4 per cent of the total fish popula- 
tion, exclusive of the abundant gizzard- 
shad and gambusia. Stocking as now 
practiced can be expected to be of little 
benefit in such large waters, and any ap- 
preciable increase in the abundance of 
bass must result from natural reproduc- 
tion. 

Eventually, management will con- 
sist primarily of controlling, through 
regulation, the fish population in order 
to maintain a desirable balance be- 
tween the game, pan, food, and coarse 
fishes. When fishing is concentrated on 
the more popular species, and when 
these may be taken during their most 
vulnerable season, this fishing tends to 
reduce the numbers of the preferred, 
and to favor the less desired, species. 
When such conditions exist, it may be 
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wise eventually to have fewer restric- 
tions on commercial fishing in order to 
control the coarse fishes. At present 
coarse fishes can be taken only by hook 
and line or by setline. In some localities, 
as indicated by the census returns, 
coarse fishes may already be far more 
abundant than some of the more valua- 
ble species. At one of the docks ninety- 
five setline lifts yielded 2,699 fishes, 93 
per cent of which were carp. Continued 
studies to determine trends of popula- 
tion and relative abundance of the dif- 
ferent species from year to year are es- 
sential for the formulation of regula- 
tions needed to maintain a desirable 
balance among the different species. In 
addition, growth-rate studies and cen- 
suses to determine quality and quantity 
of fishing furnish information basic to 
fish management. The problem of com- 
mercial fishing would be less difficult if 
all commercial fishermen were required 
to submit monthly records of their 
catch as is done in some other localities. 
A more thorough creel census covering 
commercial and subsistence fishing, as 
well as sport fishing, is now in progress, 
and some information on the trends will 
be available in 1940. Once the trends in 
fishing are known, further management 
suggestions can undoubtedly be made. 


Witson Dam TAILWATER 
FisH1ING INVENTORY 


Wilson Dam, which was built by the 
War Department, is the oldest dam in 
the TVA chain. Water was impounded 
in April 1924. Inquiry regarding the 
fishing below the dam indicates that 
sport fishing was negligible prior to 1932, 
thovgh bank and setline fishing such as 
had been practiced in the river for many 
years were common. Saugers are re- 


ported to have entered the catch in 1998 
and 1929, and to have reached their 
maximum abundance in 1932. They 
have declined since 1935 and in 1939 
represented only 5 per cent of the total 
catch. White and yellow basses, accord- 
ing to our sources of information, were 
first introduced into the Tennessee Riy- 
er in Wilson Reservoir in 1926. They 
entered the catch at Town and Big 
Nance Creeks, tributaries of Wilson 
Reservoir, in 1932 and reached their 
maximum there about three years later, 
They appeared in the catch below Wil- 
son Dam in 1936 and since that time 
have rapidly increased, representing 40 
per cent of the take in 1939. White bass 
were prominent in the catch below 
Wheeler Dam shortly after impound- 
ment, and were immediately taken be- 
low Guntersville and Hales Bar Dams. 
The white bass is already one of the 
most important fishes in the Valley and 
it may be expected to spread to all run- 
of-the-river reservoirs. It will probably 
become the most commonly caught 
species in the tailwaters, although the 
sauger may exceed it in abundance for 
the first few years after a dam has been 
completed. 

The 1939 creel census for the Wilson 
Dam tailwater was taken by CCC 
Camp TVA No. 13 under the general 
supervision of the Biological Readjust- 
ment Division. The entire area covered 
by the census is from Wilson Dam down 
stream to the railroad bridge, a distance 
of about two miles. However, most of 
the fishing was done in a small area of 
about 110 acres immediately below the 
dam. Boats were used by most of the 
fishermen and were rented from liveries 
some distance below the dam. This sil- 
plified the census, as men stationed 4 
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these liveries could get records of the 
catch as the fishermen returned. The 
census was gathered at four points by 
two shifts of four men each who were on 
duty from 7:00 a.m. to 6:00 p.m. each 
day. These men were engaged in the 
census continuously from April 11 to 
December 31, with the exception of two 
days in July and five days in December. 
It is estimated that they interviewed 


tual catch because the census was not 
begun until April 11. 

Sport Fishing. Information collected 
on the sport fishing in 1939 is sum- 
marized in Table 8. Each angler took on 
the average 3.1 fishes weighing 3.4 
pounds in an average fishing day of four 
and one-half hours. This is at the rate of 
0.7 fish per hour. Fishing was heaviest 
in May, declining somewhat each 


TABLE 8 


SUMMARY, BY MONTHS, OF GENERAL DATA ON SPORT FISHING 
FOR 1939, WILSON DAM TAILWATER 


Aver- 
Aver- Aver- Hours 
Num- age Total 

Per age Catch age . per 

Month ber of Catch Hours cent weight number per werght weight jisher- 

fisher- jished ° caught of 

weighed per hour of man- 
— fish ar catch fish da 
angler y 
April 1,867 5,303 7,984 53 ee 2.8 on 3.1 S178 4.3 
May 3,490 11,384 15,647 70 1.0 3.3 mj 3.3 11,951 4.5 
June 2,313 7,398 10,745 79 1.0 3.2 re 3.2 7,616 4.6 
July 2,185 6,563 10,772 96 : | 3.0 6 3.3 7,058 4.9 
August 2,196 7,450 10,727 95 1 | 3.4 aj 3.7 8,469 4.9 
September 1,711 4,775 7,976 98 1.4 2.8 6 3.9 6,389 4.7 
October 963 2,546 4,398 100 1.4 2.6 .6 3.6 3,575 4.6 
November 731 2,688 2,932 90 1.3 a 9 4.8 3,416 4.0 
December 638 1,906 2,220 100 1.3 3.0 9 3.9 2,519 3.5 

Totals and 

averages 16,094 50,013 73,401 84 1.1 3.1 PY i 3.4 56,765 4.5 


about 60 per cent of the anglers for the 
period of the census and about half of 
the fishermen for the entire year. Their 
records cover 16,094 fisherman-days of 
sport fishing representing a catch of 
50,013 fishes in 73,401 hours, and 1,198 
setline “lifts” by commercial fishermen 
with a take of 14,334 fishes. The com- 
mercial fishes weighed more than 25,000 
pounds and the sport fishes more than 
56,000 pounds. As only about half of the 
sport fishermen were questioned, it is 
estimated that the sport catch was over 
100,000 pounds. It should be noted in 
this instance that no distinction is 
drawn between sport and subsistence 
fishing. Data given for the commercial 
fishing are somewhat lower than the ac- 


month for the remainder of the year. 
While the catch varied somewhat from 
month to month, on the whole it was 
fairly uniform. The average catch, the 
catch per hour, and the average weight 
of the catch were greatest in Novem- 
ber. The data on the relative abun- 
dance of the different species of fish are 
summarized in Table 9. The white bass 
is the dominant species in the tailwater, 
as it comprised 40 per cent of the total 
catch for the period of the census; and it 
made up 53 per cent of the total catch in 
November. More than half, or 54 per 
cent, of the fishes taken were of game 
species, the percentage being lowest in 
August (38 per cent) and highest in 
November (75 per cent). Many of the 






























































<= ZR e gS Ss BSS esecseseeSyessees Sr nuweestsasesssee esses Zc aeea 
QESeb a" eet seatsska ieee PSEBRSABERSRSHE SAS SESS 
o*t ZS O°ZI = LYI‘SS PEE ‘FI 861‘ T Sedvs9Av pus 
sjsyO], 
= Lt FI +8 Oot 862, 89F 9¢ Jequis.eq 
=A L'T 61 O'II Oot crs‘ I 260‘ 66 JoquIsAON 
= 8°I SI 0°OI OOT gs9‘T 906. Z6 1940490 
81 9% €°F1 16 9F6'E L61'Z tS requiaydeg 
o ST 0Z Tit 0OT 022% 966 'T LIL qsn3ny 
= 6'1 Lz +1 L8 O8I‘€ ¥89'T sil Aine 
| 6°T Ze 8°91 66 00L‘¢ 000‘ 6LT eune 
= a 9I 8°OI 28 626‘ € 619° ZS Ae 
—<- st 9 9° +9 b28‘T £20‘T ial [Edy 
. ysyf sad y9909 4ajbun paybran spunod saysyf uausaysyf 
Ss qybram abp.saan dad saysy fo ut pybram fo fo yuo Ww 
abosvap = fo ny bray YyID) qua? Lag 1070,], 4aqUnN daqUunyn 
To) 
; YUALVMTIVL WVC NOSTIM NI ; 
5 6861 UOT ONIHSIA TVIOUANWOO AO ‘SHLINOW Ad ‘AUVWWOAS 
> OI @1avy, 
ee 
a 
a ¢ I ¥ — 6 &I I ¢ I nn ¢ cI i 6 Ob sadvi0ay 
< ¢ _ i I IT i I 9 ~ ZI I 9 ¢ ZL = soGT 6 Ig dequieseq 
4 l — l — 4. I I 7 I -- ¥ 9 F cL =F 8I 9 dJequieaon 
s 8 — 8 — tT 6 = I I ZI = ~§ l 89 86g to OF 1940390 
L — 9 I a! It I zZ ~ I I I II 99 @ 1 Ig Jequiaydag 
a £ I Zz — we I L I GO -— 2 & & 9 Ig qsn3ny 
= 7 i g — *% 9 I 9 I 62 OT Z 6 69COCtsé«C W € 2g Aine 
5 9 z i — 6s ww z ¢ zZ og & 9 1Z Ie F £ re eune 
= cg z g — I 6 I € I SI £ ¢ Or 9s «6 6 oF Ae 
= ¢ I g I II L I z I | an 3 eI ZI 7 1) | ZI @E THdy 
x 
oO snoour] OTe} 489 4890 489 ysy oid 13 | sseq ssBq 
TOL | -paostyy | | yng [MOL | MMA) wopox | ong |ouawgo) MOL) -ung |-derp |-onjg | OL 7S) sovig|aYM) gyuopy 
< 
seysy WsIBOLD seysy pooy seysy uvg seysy euler) 
Ss HOLVO TVIOUANWOO-NON 'IVLOL AHL JO AOVINAOUAd V SV GASSAUdXA 6861 DNINACG WUALVMTIVIL 


WVCGNOSTIM GHL NOU NAMVL SHHSIA JO SHIONdS LNGAUAAMIG AHL AO AONVAGNOGV ATHLNOW AAILVIEuU 
6 F1aV 


34 








22 


12 


25,147 


14,334 


ana averages 1,198 








Anatysis OF Fisnine In TVA ImpounpMENTS—Eschi.eyer and Tarzwell 35 


bass caught in this area are the Ken- 
tucky bass which is seldom taken else- 
where in these run-of-the-river reser- 
yoirs. Saugers are reported to have 
formerly been much more abundant in 
the catch. 

Pan fishes represented 22 per cent of 
the entire take. The catch of these 
fishes was highest in June and lowest 
in November. The bluegill-crappie rela- 
tionship was not as pronounced as in 
Wheeler. The bluegills were three times 
as abundant as the crappies, and were 
especially prominent in the catch for 
July. Food fishes comprised 19 per cent 
of the catch, with drum and blue cat 
predominating. Most of the drum were 
taken by bank fishermen and were very 
small. Coarse fishes, mostly carp, repre- 
sented only 5 per cent of the catch. 
These were taken by bank or subsist- 
ence fishermen. 

Commercial Fishing. Commercial fish- 
ing was by setline. Records obtained on 
this type of fishing show that 14,334 
fishes were taken in 1,198 lifts. The 
average catch was 12 fishes weighing in 
all 22 pounds. The total weight for all 
fishes recorded was 25,147 pounds, 
which had a value to the fishermen of 
about $2,500.00 The average haul was, 
therefore, worth about $2.20 and, as 
setlines are generally lifted twice a day, 
the gross daily income per fisherman 
was about $4.40. The catch varies de- 
cidedly from day to day and many com- 
mercial fishermen tend their lines irreg- 
ularly. 

The data suggest that fishing was 
best in June, when the average haul 
weighed 32 pounds. General fishing 
data, by months, are listed in Table 10; 
the catch by species is shown in Table 
ll. 


The fish catch consisted primarily of 
catfishes and drum (food fish), as these 
represent 83 per cent of the take com- 
pared with only 11 per cent coarse fishes 
and 5 per cent game fishes. The game 
fishes were presumably used by the fisk- 
ermen for their own consumption be- 
cause they could not be legally sold. 
Drum comprised almost half the catch, 
and nearly a fourth of all the fishes 
taken were blue catfish. 

Comparison of the Fishing. A com- 
parison of the catches of sport fishermen 
and commercial fishermen (Tables 9 
and 11) shows that the two differ de- 
cidedly, and that the fishes primarily 
taken by one group are of secondary im- 
portance to the other. Game and pan 
fishes represented 76 per cent of the 
catch of the sport fishermen and only 5 
per cent of the take of the commercial 
fishermen. For food fishes the percent- 
ages were 18 and 83 per cent, respec- 
tively, and for coarse fishes 5 and 11 
per cent. 

Because commercial fishing removes 
some fishes that are competitors of the 
young of game species, there is a possi- 
bility that the commercial fishing is defi- 
nitely beneficial to the sport fishing, 
provided, of course, that the regulations 
pertaining to the taking of game fishes 
by commercial fishermen are rigidly en- 
forced. 

The catch of about 125,000 pounds of 
fish from this one locality suggests that 
fishes are concentrated in large numbers 
immediately below the dam. 

Guntersville Tailwater. Data taken at 
the dock below Guntersville Dam in 
Wheeler Reservoir, representing fishing 
immediately below the dam, differ de- 
cidedly from those taken below Wilson 
Dam. Guntersville was impounded in 
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January 1939, and fishing below the 
dam was exceptionally good during 
part of the first year. Information on 
the fishing is rather fragmentary, but 
some data (Table 12) are available on 
the relative abundance of various spe- 
jes in the catch for part of the 1939 sea- 
son. In midsummer, game fishes com- 
prised only a small percentage of the re- 
corded catch. Much of the fishing at 


fishing may be expected to be good for 
several seasons after which it will be 
largely replaced by white bass fishing. 

Norris Dam Tailwater. The tailwaters 
in the Valley are of two distinct types. 
Below the run-of-the-river dams the 
water is warm, but the release for some 
distance below the storage dams is cold 
in summer as well as in winter, gener- 
ally between 45° and 55° Fahrenheit, a 


TABLE 12 


RELATIVE ABUNDANCE OF THE VARIOUS SPECIES OF FISHES, EXPRESSED 
AS A PERCENTAGE OF THE TOTAL CATCH FROM GUNTERSVILLE 
TAILWATER AND VICINITY, 1939 


Total 
‘ Yel- 

Month num- White Sau- Crap- Blue Buf- Scaly 
ber of bass Bass ger Bream pie cat — Drum falo Carp cat 
fishes 

August 932 1 5 — 15 4 4 1 33 3 30 3 
September 494 6 11 1 7 29 1 — 4 2 30 8 
October 814 57 5 16 1 17 1 _— 1 — 2 —_ 
November 1,993 10 2 85 —- 2 — —- -— —- -— — 
December 1,475 7 4 87 — 2 ~~ — -- — —— —- 
Totals and 

averages 5,708 14 4 54 3 7 1 _- 6 1 8 1 


that time was some distance below the 
dam and some of it was with setlines. 
After September, game fishes comprised 
almost the entire catch. More than half 
the fishes recorded for October were 
white bass. Saugers increased from less 
than half of one per cent in August to 87 
per cent of the catch in December. Ap- 
parently, the saugers in the water below 
adam are attracted to the tailwater 
soon after the dam is operative. White 
bass, too, tend to concentrate in waters 
immediately below a dam. Records for 
the catch per angler and the catch per 
hour are not available except for 487 
collected during November and De- 
tember. These records indicate a catch 
of 2,722 fishes in 2,621 hours, an aver- 
age of more than one game fish per hour. 
If fishing below Guntersville follows the 
usual trend for the tailwaters, sauger 


temperature suitable for trout. The 
Clinch River below Norris contains 
trout though it cannot be regarded, for 
the present at least, as a good trout 
stream. 

The number of trout caught below 
Norris Dam in 1939 probably did not 
exceed a few hundreds. These were rain- 
bow trout varying between 14 and 20 
inches in length, almost all of which 
were taken at very low water level. One 
of the most regular and successful fish- 
ermen at Norris took 23 rainbows, aver- 
aging almost 17 inches in length, in 11 
fishing trips totaling 423 hours, an aver- 
age of one fish every two hours. 

Management. As the run-of-the-river 
reservoir tailwaters attract fishes that 
tend to be poorly represented in the 
catch in the reservoir proper, there is no 
assurance that closing the tailwaters to 
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fishing would improve the catch in the 
reservoirs. Fishing in the tailwaters may 
be expected to provide a yearly revenue 
of about $30,000 to $50,000 at each 
dam, assuming that the value per 
pound for fish taken by_sport fishermen 
is $0.50 and assuming that fishing below 
other reservoirs will be about equal to 
that below Wilson Dam. Closing the 
tailwaters would, therefore, tend to 
waste an asset having a potential in- 
come of several hundred thousand dol- 
lars per year. From a biological view- 
point, such closing could not be recom- 
mended. Fishing in the tailwaters by 
boat is hazardous, however, and the de- 
velopment of safety regulations, which 
would drastically curtail the fishing, 
may become necesssary. 

To date the saugers have declined in 
abundance within a few years in each 
case after a dam has been installed. 
Whether this decline is due to fishing or 
to biological changes is not known, but 
the restriction of ten per day placed on 
saugers by the State of Alabama seems 
to be a very desirable one. Enough is 
not yet known about the sauger to de- 
termine whether or not a closed season 
would be beneficial. 

The white bass appears to be “‘hold- 
ing its own” below Wilson Dam, even 
though fishing for that species is inten- 
sive. Restrictions other than those now 
in effect are apparently not needed. 
Commercial fishing should be regarded 
as second in importance to sport fishing 
and should be curtailed when and if defi- 
nite evidence becomes available, sug- 
gesting that commercial fishing has a 
deleterious effect on the abundance of 
game fishes. Certain methods of com- 
mercial fishing, such as “snatching,” 
should preferably not be permitted. 


Thirty fisherman-days of snatching 
yielded 46 spoonbills and 55 yellow cats 
having a total weight of 1,305 pounds, 
It is possible that many fishes are re. 
moved by illegal means and that the 
commercial take, including the catch of 
game fishes, may therefore be higher 
than our records indicate. A rather 
strict regulation of the commercial fish- 
ing here is desirable, because this fishing 
is secondary in importance to the sport 
fishing. 

The Clinch River below Norris Dam 
produces a limited number of trout 
that are generally taken during low 
water. Large plantings have been made, 
but to date the results are uncertain. 
Because of the migratory tendency of 
the rainbow, brown trout were stocked 
in 1939. Both gigging and setline fishing 
are practiced in this stream at present. 
The desirability of using these methods 
of fishing in a trout stream is open to 
serious question. The major impedi- 
ments in establishing a good trout sup- 
ply, however, are probably the decided 
and relatively sudden fluctuations in 
flow and the resulting considerable 
changes in water temperature. These 
cannot be controlled by fish manage- 
ment as fishing in the Clinch is obvi- 
ously secondary in importance to flood 
control and navigation. A good large 
trout stream would be a very important 
asset to the area, but whether or not 
any practicable management program 
could change the Clinch into a good 
trout stream must still be determined. 


DISCUSSION 


Our information shows that the catch 
differed decidedly in the waters under 
consideration. In the storage reservolls 
and the tailwaters game fishes predom- 
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inated, but in the run-of-the-river reser- fishes. The data suggest that the sauger 
yoir pan fishes outnumbered the game is the most important species in the tail- 


TABLE 13 


RELATIVE ABUNDANCE OF FISHES DURING 1939,1 EXPRESSED AS A 
PERCENTAGE OF THE TOTAL CATCH, IN EACH OF THE 
MAJOR KINDS OF FISH HABITAT 




















Dams 
Reservoirs 
Gunters- Wilson Wilson 
Norris Wheeler ville (Sport) (Commercial) 
Type of water: Storage —* Tailwater Tailwater T ailwater 
Game fishes 
White bass —_ 3 14 40 3 
Bass 80 25 4 9 1 
Walleye 9 — — = ~ 
Sauger 2 — 54 5 1 
Totals 91 28 72 54 53 
Pan fishes 
Bluegill 6 16 3 15 _— 
Crappie 1 26 7 5 -— 
Sunfish — — — 2 —- 
Totals J 42 10 22 — 
Food fishes 
hannel cat — 1 —- 1 Yj 
Blue cat — 5 1 4 22 
Yellow cat — 5 — 1 7 
Bullhead —- 1 —- -= 1 
Drum —- 2 6 12 46 
Totals = 14 7 18 83 
Coarse fishes 
Carp 1 12 8 4 9 
Dogfish —_ 3 1 —= — 
Miscellaneous? — 1 1 1 2 
Totals 1 16 10 5 11 





! Percentages based on total recorded catch for 1939. 

? Includes a few fishes of other groups. 

? Presumably not sold; may be taken by the fishermen for their own use. 

Note: In the text the species are referred to by common name only. Scientific names are 
as follows: Basses: All r species of black basses—the largemouth, Huro salmoides; 
smallmouth, Micropterus d. dolomieu; and the Kentucky, Micropterus p. punctulatus; White 
bass: Chiefly Lepibema chrysops but including also the yellow bass, Morone interrupta. 
The two were grouped under one form because ana census taker’s inability to differentiate 
between the two; Walleye: Stizostedion vitreum. Reported taken only in one of the three waters 
(Norris Lake). Sauger: Locally called Jack salmon, Stizostedion c. canadense; Bluegill: 
Locally called bream, Lepomis m. macrochirus; Crappies: Both Pomozis nigro-maculatus and 
Pomozxis annularis. The former only is taken in Norris; both occur in the other two waters. 
Warmouth Bass: Chaenobryttus gulosus; Sunfishes: Locally called sunperch, include several 
species of Lepomis (cyanellus, microlophus, megalotis megalotis, and punctatus _miniatus); 

hannel cat: Ictalurus lacustris punctatus; Blue cat: Ictalurus furcatus furcatus; Yellow cat: 
Pilodictis olivaris; Bullhead: Locally called willow cat, includes three species of Ameiurus ; 
melas catulus, natalis natalis, and nebulosus marmoratus; Carp: Cyprinus carpio; Drum: 
Aplodinotus grunniens; Dogfish: Locally called scaly cat, Amia calva; Miscellaneous includes 
buffalo fishes (Ictiobus niger, Ictiobus bubalus, and Megastomatobus cyprinella), pike (Esox 
niger), rock bass (Ambloplites rupestris), and several genera of suckers including Catostomus, 
Minytrema, and Mozostoma. 
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water of a relatively new dam, and that 
in time this fish is replaced by the white 
bass. The differences in the recorded 
catch for the three different habitats 
are shown in Table 13. 

Fishing is similar in the various parts 
of a storage reservoir and the degree to 
which an area is fished depends primar- 
ily on accessibility. In the run-of-the- 
river reservoir, the catch varies in dif- 
ferent localities. White bass and saugers 
are taken mostly in the tailwaters; pan 
fishes tend to be abundant in the wide, 
shallow areas of the middle section of a 
reservoir; and the largemouth bass ap- 
pears to be most common in the deep, 
clear water found in the lower third of 
an impoundment. Species that are com- 
mon in the catch from the tailwater be- 
low a dam are not abundant in the 
reservoir proper, and those which are 
most prominent in the catch in the res- 
ervoir are generally not taken in the 
tailwater. Regulations on fishing in the 
tailwaters should preferably be made 
for the benefit of fishing in that area 
only, and should not be expected to in- 
fluence fishing in the reservoir below. 

The creel census information suggests 
that storage reservoirs should prefera- 
bly be closed to all fishing during the 
spawning season, but that on the run- 
of-the-river reservoirs year-round fish- 
ing should be permitted for most of the 
species, with a closed season placed only 
on those that prove most desirable and 
which are declining in the catch. Re- 
strictions will be of little value if the 
reasons for decline are biological; for ex- 
ample, no kind or amount of legislation 
will make Norris a good bream fishing 
lake or will greatly increase the drum in 


the lower third of the run-of-the-river 
reservoirs. 

Coarse fishes are not abundant in the 
catch in the storage reservoirs and will 
probably not be of much significance 
there, but on the run-of-the-river reser. 
voirs some restrictions on commercial 
fishing may need to be removed if the 
coarse fishes are to be kept within 
bounds. Commercial fishing should 
probably be encouraged in the run-of- 
the-river reservoirs, but any fishing 
other than with hook and line should be 
discouraged in storage reservoirs unless 
kept under close control. 

The construction of more dams will 
tend to improve fish conditions in the 
water below, because silt is deposited in 
the lower parts of each reservoir and the 
water becomes clearer as more reser- 
voirs are created. Erosion control, too, 
has a beneficial influence on the fish- 
ing. Muddy water not only makes the 
water less productive by keeping out 
the light needed for plant photosynthe- 
sis, but gives an advantage to the carp 
and other less valuable species that tend 
to thrive better than bass under those 
conditions. 

Fishing has very decidedly increased 
since the TVA impoundments have 
been made and the Tennessee and its 
tributary, the Clinch, are yielding many 
times the fishes produced prior to im- 
poundment. 

The more extensive 1940 census, cov- 
ering most of the major impoundments, 
will probably provide more detailed in- 
formation of value to the management 
of the fisheries in the Valley. A knowl- 
edge of the trend of the fishing is needed 
to solve many of the problems, and this 
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information obviously cannot be ob- 
tained from data for a single year. 
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A TRAP-REMOVAL CENSUS STUDY 
OF SMALL MAMMALS 


Victor H. Cahalane 


During the field seasons of 1932 and 
1933, the writer made a study of the 
mammals of the Chiricahua Moun- 
tains of southeastern Arizona. Much of 
the second period, from June 21 to 
August 24, was devoted to censusing 
the smaller mammals with the objects 
of: (1) Determining the population of 
various species in the major habitats, 
and (2) evolving a method that would 
be useful elsewhere under similar con- 
ditions. Considerable ecological data 
were gathered as a basis for possible 
conclusions. 

This research was undertaken and 
financed as a portion of the program of 
the Cranbrook Institute of Science, 
Bloomfield Hills, Mich. The writer is 
expecially indebted to Dr. Lee R. Dice, 
now Director of the Laboratory of Ver- 
tebrate Genetics at the University of 
Michigan, for many valuable sugges- 
tions and for assistance in identifying 
mammal specimens; to Marjorie T. 
Bingham for plant identifications; to Dr. 
W. T. McDougall for suggestions re- 
garding the botanical nomenclature; to 
Director Forrest Shreve and the Desert 
Laboratory of the Carnegie Institution 
of Washington for transportation of 
field equipment, and help in establishing 
camps; to officials of the Forest Service, 
the Biological Survey, the Arizona 
Game and Fish Commission, and to nu- 
merous local residents. Appreciation is 
due to my wife for assistance during the 
field studies by taking over the time- 
consuming job of keeping camp. 

The Chiricahua Mountains (Plate 1 
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and Figure 1) parallel the Arizona-Ney 
Mexico boundary, their foothills ado 
vancing into the San Simon Valley to . 
point about 5 miles west of the State 
line. Rising out of the lower Pedrogosg” 
Mountains about 30 miles from the” 
Mexican State of Sonora, the Chirica-’ 
huas extend north for approximately 307 
miles, while their maximum dimension” 
east and west is 20 miles. The eastern 
base has an elevation of about 4,500" 
feet, while the Sulphur Springs Valley” 
on the western side is at least 600 feet” 
higher. 4 
“The vegetation of the San Simon ™ 
Valley is definitely that of the Lower™ 
Sonoran zone or arid grassland belt, 7 
The upper limit of the zone, at 5,000” 
feet, practically coincides with the east | 
ern base of the range, although it ex" 
tends for a mile or two into the moun” 
tains on the floor of the wider canyons 7 
(Cave, Silver, and Whitetail creeks). 7 
The hot south slopes of some of the low ~ 
foothills come within this zone. Mee ) 
quite, catclaw, and creosote bush are 7 
the most prominent plants. Although = 
somewhat more elevated, the Sulphur ~ 
Springs Valley also belongs in the Low- © 
er Sonoran zone. The west-facing eX ~ 
posure favors the accumulation of heat . 
and this valley therefore has a relatively ~ 
high average annual temperature. 
“The Upper Sonoran zone or encinal = 
life belt is the most prominent life belt ; 
in the Chiricahuas and probably occu- ; 
pies more than 50 per cent of the surface j 
at least on the eastern drainage. It 1s am | 
area of steep-walled, often narrow, Cal- © 
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JouRNAL OF WILDLIFE 


Upper.—Portion of census plot in yellow pine community, Transition zone, Rustler Park. 
Looking southwest from compartment G4 toward A2. (For map, see Fig. 1.) Excepting 
two young Douglas firs at extreme right and left-center, woody vegetation is yellow pine 


(Pinus ponde rosa). 
Portion of census plot in the mesquite-grass community, Lower Sonoran zone, 


Lowe rs 
’ 


about three miles southeast of Portal. Looking west from compartment 110, “up-stream’ 
on the largest arroyo or wash on the area. 
(From Journal of Mammalogy, November 1939.) 
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Upper.—Small portion of census plot in oak community, Upper Sonoran zone, South Fork 
of Cave Creek. West across compartment C4. (For map, see Fig. 1.) Dasylirion wheeleri on 
left, Agave palmeri on right. 

Lower.— White-throated wood-rat (Neotoma a. albigula). A widely-distributed mammal 
found from the arid mesquite-grass valley to the cool, humid yellow pine zone on the moul- 
tain crest. 
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Fig. 1. Locality map. Census plots for small mammals were located in the: (1) yellow pine 
community, on east slope of Buena Vista Peak; (2) oak community, in lower canyon of South 
Fork of Cave Creek; (3) Mesquite-grass community, about 3 miles southeast of Portal. 
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yons which broaden and become shal- 
low toward their sources. On the eastern 
slope, the altitudinal limits of the zone 
are from 5,000 feet to about 8,300 feet, 
while on the western side, where the 
drainage tends to turn in a somewhat 
northerly direction, the upper limit may 
be as low as 6,500 feet. The most abun- 
dant trees are oaks and junipers. Pin- 
yon or nut pine (Pinus cembroides), usu- 
ally a characteristic species of the local 
forests of this type, is relatively scarce 
in the Chiricahuas. 

“Above the Upper Sonoran zone is 
the Transition, which is synonymous 
with the yellow pine community of the 
montane forest life belt. It occupies the 
more level ground above the heads of 
the canyons,and extends nearly to the 
tops of the highest peaks except on the 
cold north slopes. Parks or grassy open- 
ings are common. The dominant tree 
species is ponderosa pine, Pinus brachy- 
ptera (P. ponderosa var. scopulorum). 

“On the north slopes of Fly and 
Chiricahua peaks, and on the elevation 
south of Round Park, are relatively 
small patches of Engelmann spruce 
(Picea engelmanni) and large-toothed 
aspen (Populus tremuloides aurea). This 
Canadian zone, or higher portion of the 
montane forest life belt, is limited to 
areas not larger individually than 300 
acres in extent. Biologically it is of little 
significance.” (Cahalane, 1939.) 


METHOD 

Procedure took the following form: 

1. Selection of an area apparently 
typical as to biotic factors. 

2. Establishment of the census plot, 
and subdivision to facilitate mapping 
and description. 

3. Mapping of forest and woody un- 


dergrowth, herbaceous cover, ground 
litter, character of ground surface, and 
indications of the presence of mammals, 

4. Removal of all small mammals by 
trapping. 

After careful reconnaissance, an are 
in the most conspicuous and widespread 
woody vegetation type in each of the 
three principal life zones was selected, 
It was believed that the plots (and their 
surroundings for a reasonable influenc- 
ing distance on all sides) were typical 
also in respect to topography, exposure, 
soil, stream courses, and other natural 
factors. 

No great difficulty was experienced in 
choosing the locations of the plots. The 
Transition Zone is sharply character. 
ized and uniform in vegetation. The 
nearly pure yellow pine community was 
predominant and the area of Douglas fir 
comparatively very small. In the Upper 
Sonoran Zone, by far the greatest area 
was occupied by dry oak-covered slopes. 
Only four or five patches, comprising a 
few acres each, of pinon pine (P. cem- 
broides) were found, and local Forest 
Service officers stated that there was 
very little pinon in the entire range. 
Juniper (Juniperus pachyphloea) was 
abundant at lower elevations within the 
belt, but the oak-juniper community 
was inconsiderable when compared with 
the total acreage of the oak community. 
In the Lower Sonoran Zone the ocotillo 
(Fouquieria splendens) was confined toa 
few low foothills of very limited area. 
The marshland was minute when com- 
pared with the entire valley, and pure 
grassland seemed to be artificial—exist- 
ing only on areas cleared for farming. 
The mesquite-grass community covered 
practically the entire San Simon Val 
ley; most consideration in choosing the 
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census plot in this type was given to the 
quantitative balance between mesquite 


and catclaw. 


YeL_Low PiInE CoMMUNITY 
(Transition Zone) 


Location. The area selected for the 
site of the population study plot in the 
yellow pine community was in Rustler 
Park, on the east slope of the range and 
near the divide between the eastern and 
western watersheds. The plot was lo- 
cated in the SW of the SWi of Section 
27, Twp. 17S Range 30H, on the east 
slope of Buena Vista (frequently called 
Barfoot) Peak. It lay at an elevation of 
8,300 to 8,400 feet, about 3} miles, air 
line, southwest of Paradise post office. 
A 16-inch yellow pine (P. brachyptera) 
was selected as the northwest corner of 
the plot. This point was on the Forest 
Service “‘Crest”’ or “Ridge” Trail, 950 
feet S. 50° W. from the drift fence gate 
on the old Forest Service road from Par- 
adise to Barfoot Park. The approximate 
direction from this corner to the Forest 
Service Barfoot Lookout was N 75° W. 
Owing to topography and vegetation, 
the fire observation tower was not visi- 
ble from this point. 

The plot was laid out 50 meters 
square, and thus contained 2,500 square 
meters (approximately 26,900 square 
feet, or 0.617 acre). From the pine re- 
ferred to above, the west boundary was 
run § 35° W along the Barfoot horse 
pasture fence, which in this vicinity 
closely followed the contour of the 
slope. This resulted in about 75 per cent 
of the plot being on the slope (of ap- 
proximately 50°) and the remainder, 
largely the south and southeast por- 
tions, on the level bench at the foot of 
Buena Vista Peak and west of the For- 


est Service motor road from Onion Sad- 
dle to Rustler Park. Thus the plot in- 
cluded steep slope as well as some level 
ground, all within the typical pine 
“park.” The closest boundary of this 
vegetation type was at least 800 feet 
away. 

Description. The park-like stand of 
yellow pines was open and scattered 





Scale 5 meters 


Fig. 2. Census plot, yellow pine communi- 
ity, Rustler Park. Topography and compart- 
ment diagram. Fine dotted line indicates 
approximate junction of sloping and level 
ground. 


owing to light selective logging a num- 
ber of years before, and the crown can- 
opy over the plot was less than 50 per 
cent complete. A few Douglas firs had 
advanced into the tree class (1 inch or 
more d. b. h.) but all were small, com- 
pared to the yellow pines. Reproduction 
of these species and of Rocky Mountain 
white pine (P. flexilis) was scanty and 
somewhat grouped in two areas, in the 
north central portion, and the north- 
eastern corner, respectively, of the plot. 
Scrub oaks (Quercus hypoleuca) were 
rare. The most conspicuous herbs were 
lupine (Lupinus neomexicanus) and a 
grass (Muhlenbergia monticola). Also 
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present in small numbers were the fol- 
lowing herbs: Achillea alnulosa, Aletes 
obovata, Asclepias speciosa, Castilleja 
gloriosa, Galium rothrockii, Hieracitum 
fendleri, Hymenopappus mexicanus, La- 


where wash action was greatest. Needle 
litter made up the bulk of the ground 
covering, with lupine and grasses cop. 
tributing. Fallen logs were few but con. 
spicuous because of their bulk. 


















































’ 
\ ' ' ie 
\ { i P ‘ ‘\ 
\ 1 Zz S 
20. r y O26 Pb 7 < + 16" \ 
> i \ } Pg 7, 7) Pb \ 
' ’ / / ~ / \ 
Al/ \ ¢ / ~ 7 \ 
f \ / / ao ; \ 
4 ‘ \ 26 ‘ 
1 \ -- / i! Pb? \ 
— _ a i cat \ 
~L Be — 030 a, \ 
~ Pa 7 H \ 
\ / al \ 
B 1 ¢ 4 { \ 
/ } . 08" Pb rd . 1 
/ igs 
l o” bad ae Fa ee on 2 
--T - eee q 5 f 
a 24” Pb a ——— ) Fd 
f Co ¢ o~ / 4 
Cc 1 , a ‘ ”’ 
\ ¢ Ps ‘ \ P 
? f ut ‘ -—- 
¢ 7 ia ‘ 
‘ 
\ & / / H 
D ' PrP / / 36°Pb | 
/ ro. 
t H Z 1 4 
os ‘ 
2 z prio} \ a % / 
~/ ‘ 4 ‘ ] 
Es ‘ vd ad on, 3 
2 = as {O}Pt 
, i 
4 ~ So 
¢ a ~ 
F Ys ‘Sy a Pi 
Pa ." av x yoN2 
P ‘ / K ° }Pt 
- T a + ed 
- 7] / ° ‘ 
Pi 0 36" Pb Pe 4 44° Pb } 
/s i / 7 
\ } f 18° Pb / 
\ 230" Pb Fi ' J 
5 7 t Fa 
‘ -— ‘ 
“ \ 7 ~ r 
a fs x / 
i H 4 / 
1 i / , 
a j yh 
a —_ 
} am / Pcate atl aa * 
! 7 / 36" f Pi y 
i P PbO F a } 
a 
27 Fa ! F stl 1 
—a fl 0 44° Pb / ™~ Fy 4 ' 
' j . Pd ; : \ 
J ' i “ aa ; 30" Pb \ 
a ' ‘4 —— “re ’ ° y 
ya “ , 7 ' 
Ps x wa x 1 i 
¢ “ ‘ mr 
16" Pb 1 P 2 ‘ 3 ' 30° Pb &. 
= 18° Pb ' ‘ ° 
aaa cael ‘ ° ' ‘ ] 
Scale 5 Meters 


FOREST COVER 


© Tree (diameter in inches) 
Pb—Pinus brachyptera 
Pi—Pseudotsuga taxifolia 
-—-—Crown projections 


Fig. 3. Forest cover, yellow pine community plot. 


thyrus arizonicus, Lithospermum multi- 
florum, Monarda sp., Pteridium aquili- 
num pubescens, and Solidago sp. 

The soil was rocky, with a higher per- 
centage of exposed rock on the steeper 
slope at the western side of the plot 


An outline diagram of the yellow pine 
community census plot, indicating sub- 
divisions into compartments, topogra 
phy, and location points, is shown in 
Figure 2. In addition, three detailed 
maps have been made. The first (Fig. 3) 
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GROUND COVER & VEGETATION UNDER 5 FEET 
OTree species Height in inches 
Stump diameters in inches 
Pt—Pseudotsuga taxifolia 
Pb—Pinus brachyptera 
Pf -Pinus flexilis 
Qh—Quercus hypoleuca 
Lm-Lupinus neomexicanus 
, Fig. 4. Ground cover and vegetation (under 5 feet), yellow pine 
y pine community census plot, Rustler Park. 
 sub- 
ogra- includes all forest cover above 1 inch tape), and crown projections on the 
mm in in diameter breast high. Locations of ground, are given. Figure 4 shows the 
ailed stems, diameters (based on ocular esti- location and height of all woody vege- 
ig. 3) mate, frequently checked with a steel tation less than 1 inch d, b. h., and 
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Fig. 5. Mammal indices or signs (prior to trapping) and trap records. 
Yellow pine community census plot, Rustler Park. 


herbaceous cover. Based on ocular esti- 
mate, this chart also gives the percent- 
age of surface in each compartment 
covered by fallen foliage or twigs, the 
more prominent species of herbs, ex- 


posed soil, and surface rock. Where these 
features vary conspicuously within 4 
single compartment, the map indicates 
divisions of surface by dotted lines and 
separate estimates of surface character 
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are shown for each subdivision. A final 
chart (Fig. 5) indicates “signs” of mam- 
mal life, and the locations of mammals 
subsequently obtained by trapping. 

Trapping Method. Removal of the 
small mammals from each plot was be- 
gun after at least half the plot had been 
mapped. Because the supply of traps 
was insufficient to cover an entire plot, 
removal of the animals was accom- 
plished by stages. On the census plot 
in the yellow pine community, trapping 
was started on the west side, which was 
that of greatest elevation. Sherman live 
traps were placed in each compartment 
as indicated in Figure 6. 

One trap was located on each corner 
(except, of course, that only one was 
placed on corners common to adjacent 
compartments) ; two traps were set be- 
tween corners on the longer sides, and 
three were distributed on the long cen- 
ter axis of the compartment. The spac- 
ing shown in the above diagram is ideal- 
ized, as in practice some latitude was 
allowed because of natural obstacles 
that made it difficult to space traps ac- 
curately, or, aS was more generally the 
case, to take advantage of indications 
that deviation might yield better re- 
sults. Displacements of traps as great 
as a meter from the ideal geometric po- 
sitions were made at times to cover 
trails, burrow openings, and other places 
showing evidence of use. 

Because even the smallest of the three 
census plots used was so large as to ren- 
der impractical any known method of 
preventing animals from crossing the 
boundaries, a line of traps was also 
placed outside the plot about 3 meters 
from and parallel to the outer lines. 
These “guard” traps were set about the 
same distance apart as were the traps 


on the plot boundary, and the “guard” 
line was extended around the plot to co- 
incide exactly with the progress of work 
across it. In other words, snares within 
the plot and on its boundaries were al- 
ways “covered” by guard traps out- 
side, and progress in placing the latter 
did not anticipate work on the plot it- 
self. 














Scale 5 meters 


Fig. 6. Yellow pine census plot. Trap diagram 
per compartment. z=trap. 


Live traps were used in the western- 
most three tiers of compartments on the 
four nights of June 29 to July 2, inclu- 
sive, and were then moved to the three 
adjoining tiers on the east for the suc- 
ceeding four days. As the live traps were 
removed, the vacancies were filled with 
deadfall or “‘snap” traps, and it was 
thus hoped to catch any animal or spe- 
cies having an aversion to entering the 
metal boxes. The live traps were baited 
only with oatmeal, while the treadles of 
the snap traps were first smeared with 
bacon fat and then covered with oat- 
meal. 

The four tiers of compartments re- 
maining, on the eastern or lower side of 
the plot, were trapped on July 7 to 10, 
inclusive. Because it was desirable to 
move camp to the foothills before the 
beginning of the rainy season, then past 
due, snap traps were used in conjunc- 
tion, and simultaneously, with those of 
the live type. 
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Summary of Data—Yellow Pine Com- census plot are presented for analysis in 
munity. The statistics regarding the tabular form as follows: 
1. Plot statistics Euta 
a. Area of plot—2,500 sq. meters (0.617 acre) Pero! 
b. Perimeter of plot—200 meters P. be 
c. Ratio of area to perimeter (a:b)—12.5 to 1 Neot 
d. Approximate area of guard strip (4.5 meters Xb; see p. 49)—900 sq. meters 
e. Total area trapped (a+d)—3,400 sq. meters 
f. Ratio of total area trapped to plot —— (e:b)—17 to 1 
g. Approximate surface composition of plot (a), in percentages. 
77 .4—pine needles 
13.5—loose small rocks 
2.4—exposed soil Euta 
2.4—grasses and sedges Pero) 
2.1—Lupinus P. be 
1.4—pine cones Neot 
.7—prone tree trunks, mostly of yellow pines 
. 1— miscellaneous plants and decaying branches 
h. Incidence of woody vegetation, 1 inch or greater in diameter breast high. 
$] 
Species Diameter classes, in inches 
1-6 7-12 13-24 25-36 37-48 Ce 
Pinus brachyptera 1 1 t 10 4 
Pseudotsuga taxifolia 1 calcu 
i. Incidence of woody vegetation less than 1 inch d.b.h. 45 | 
Species Height classes, in inches from 
0-12 13-24 25-36 37-60 plot, 
Pinus brachyptera 109 12 5 1 tract 
Pinus flexilis 7 3 2 2 with 
Pseudotsuga taxifolia 1 1 ay 
Quercus hypoleuca 2 anim 
In 
2. Mammals ’ mam 
a. Sign incidence incl 
Incidence Incidence Total inciu 
Species on plot per acre per acre steac 
Chipmunk t 
feeding place 7 11.3 ure. 
digging, —_ 22 4 theo: 
digging, o 1 ; 
burrow 17 27.4 can t 
mn . 77.4 with 
ocket gopher 
dump area, old 10 16.1 by m 
tunnel break or entrance, recent 13 20.9 past 
tunnel break or entrance, old 12 19.3 ‘ 
mound, old 27 43.5 ze 
99.8 be di 
Mouse 
runway, used 1 1.6 pert. 
nawing 1 1.6 stanc 
eeding place, recent 38 61.3 that 
feeding place, old 2 3.2 
burrow, used 49! 79.0 certa 
burrow, unused 11 M7 .d er term 
Rabbit, droppings 2 3.2 3.2 ciden 
deter 
1 Includes 11 broken gopher tunnels used by chipmunks and mice, Ra 
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b. Daily trap record 


Species Animals taken on nth night of trapping in compartment 
1 2 3 4 5 6 Total 
Eutamias 2 1 1 1 5 
Peromyscus maniculatus rufinus 5 1 2 8 
P. boylii rowleyi 1 1 
Neotoma m. mexicana 1 1 
Trap record summary 
Incidence on plot Incidence per acre 
Species Adult mmature Adult mmature 
rot 9 rom °) 

Eutamias d. dorsalis 3 2? $.1 
Peromyscus maniculatus rufinus 2 3 2 2 6.5 6.5 
i boli rowleyi 1 1.6 
Neotoma m. mexicana 1 1.6 


ce. Length of trapping time per compartment—6 nights (average) 
d. Total trapping time for plot—12 nights 


? Not including 2 female Eutamias taken on guard strip. 


Comment. The guard strip area was 
calculated to have an effective depth of 
45 meters. Placed 3 meters distant 
from the outer boundary of the census 
plot, this trap line was assumed to at- 
tract any outside animal passing by 
within about 1.5 meters or any inside 
animal moving out. 

In the table of sign incidences of 
mammals, the common and sufficiently 
inclusive group names are employed in- 
stead of more exact scientific nomencla- 
ture. This is done for both practical and 
theoretical reasons. In the field, signs 
can be interpreted or assigned to makers 
with a degree of exactitude influenced 
by many factors. The indications of the 
past presence of allied forms of similar 
size and general habits cannot usually 
be differentiated, by even the most ex- 
pert. Therefore, it seems sensible, for in- 
stance, to credit to ‘‘mouse”’ the marks 
that may have been left by any one of 
certain species of small rodents. This 
terminology indicates that the sign in- 
cidence was noted before trapping had 
determined the exact forms present. 

Rabbit and deer signs are recorded in 


the “sign incidence’”’ table even though 
no specimens were taken. Captures of 
such highly cursorial species would 
have meant little or nothing anyway, as 
their home range is much larger than 
the plots studied. 

In one case at least, evidence of past 
mammalian activities was assigned to 
more than one species and was counted 
for each kind of animal involved. Pock- 
et gopher tunnels, many of which had 
been rather badly washed out, were in 
use by Eutamias and by Peromyscus. 
Each of the 11 breaches in the tunnels, 
therefore, were added to the total of 6 
chipmunk burrows in use and to the 38 
recently used mouse burrows found. 


Oak CoMMUNITY 
(Upper Sonoran Zone) 


Location. In the oak community 
(Plate 2—Upper), the area selected for 
study was in the canyon of the South 
Fork of Cave Creek, about 4 miles 
southwest of Portal postoffice. The plot 
was located in the SE} of the NW} of 
Section 9, Twp. 18S Range 31 E, at an 
elevation of 5,300 feet. With respect to 
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local landmarks or features, it may be 
described as being on the north side of 
the canyon about a thousand feet north 
east of the end of the Forest Service 
road, or (by automobile odometer) 0.33 
mile above, or southwest of, the bridge 
carrying that road across the South 
Fork. From this point, 0.33 mile above 
the bridge, a line was projected due west 
70 meters, extending barely outside the 
sycamore community into the oaks, 
where the southwest corner of the cen- 
sus plot was located. This corner was an 
arbitrary point, urmarked by any tree 
or rock of outstanding character. A base 
(or south boundary) line was run N 30° 
E (Figure 7) for a distance of 75 meters 
and the east and west sides, 70 meters in 
length, at right angles. The plot was 
then subdivided into compartments 5 
meters square. The total area was 5,250 
square meters (approximately 57,250 
square feet, or 1.31 acres). The most 
conspicuous landmark within the bound- 
aries was a rock in the northwestern 
portion, measuring approximately 20 
by 6 by 4 meters in height. Because of 
the density of surrounding vegetation 
it was nearly or quite invisible except 
from one or two points on the road be- 
low. Beneath the overhanging east side 
were evidences of very old Indian en- 
campments, now largely buried by 
heaps of rubbish deposited by wood 
rats, and about a meter above the 
ground were a number of pictographs. 
It was accordingly designated on the 
charts as “‘Pictograph Rock.” 

The oak community comprises the 
roughest topography in the Chiricahua 
Mountains, exclusive of true cliffs, and 
the area enclosed in the census plot was 
a typical sample. The steep rocky slope 
was in reality a talus, composed of ma- 


terial of varying size loosened from the 
cliffs that had rolled toward the cap. 
yon floor until finding its angle of repose 
about 20 degrees. Disintegration of the 
rock had progressed sufficiently to sup. 
port vegetation practically to the base 
of the sheer walls about a thousand feet 
above the census plot, the distance be. 
ing measured along the slope. 

In the southwest corner of the plot, 
proximity to the canyon floor with its 
deeper soil and more abundant supply 
of moisture enabled the oaks to form 
a complete crown canopy; grass cover 
was correspondingly scant. Toward the 
southeast corner the ground rose in ele- 
vation above the creek and the forest 
became more open, although on the 
lower (southernmost) third of the plot 
the woody vegetation was generally 
typical of the lower slopes of the can- 
yons, with the oak-crown canopy well 
over 50 per cent complete. The trees 
were usually in clumps of 3 to 6 or even 
more, giving the appearance of having 
arisen from the parent stumps by suck- 
ering. Apparently the forest of the en- 
tire area was original as no evidence of 
cutting was discovered. The under- 
growth was dense in spots, particularly 
in the upper stream courses where no 
great volume of run-off would concen- 
trate, and in many other spots on the 
lower slope. Dasylirion wheeleri, Nolina 
microcarpa, Rhus virens, and Agave pal- 
meri were the most abundant species of 
undergrowth (Plate 2—Upper). 

Along the west side of the plot this 
type of forest and understory continued 
to the upper or north boundary. On the 
east side, however, at about half the 
distance from the lower to the uppe 
corners, the relatively dense growth 
gave way to the open, orchard-like oak 
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stand more characteristic of the upper morecompletegrasscover, but Dasylirion 
xerophytic slopes. Here, boulders were andotherlarge herbs, conspicuous on the 


less numerous and the ground much less lowerslopes,werenotnumerous. Oak-leaf 
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Fig. 7. Census plot, oak community, South Fork of Cave Creek. 
Topography and compartment diagram. 


broken by arroyos than on the western ground litter was much less extensive. 
portion of the plot. The sparse stand of A complete list of the plants found on 
oaks naturally allowed the growth of a__ the plot is as given on page 55. 
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Fig. 8. Mammal indices or signs (before trapping) and trap records. 
Oak community census plot, South Fork of Cave Creek. 
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Trees 


Alnus oblongifolia 

Arbutus arizonica 

Fraxinus velutina var. toumeyi 
Juniperus pachyphloea 

Pinus cembroides 

Pinus leiophylla 

Pinus brachyptera 

Quercus arizonica 

Quercus reticulata 


Shrubs 


Arctostaphylos pungens 
Holodiscus dumosus 
Lonicera caerulea 
Mimosa biuncifera 
Rhus virens 
Vitis arizonica 

Herbs 
Agave palmeri 
Asclepias tuberosa 
Asplenium trichomanes 
Astragalus parryi 
Cirsium sp. 
Chamaecrista leptadenia 
Dasylirion wheeleri 
Echinocereus rosei 
Helianthus mollis 
Nolina microcarpa 
Opuntia engelmanni 
Teucrium laciniatum 


As in the case of the pine plots in 
Rustler Park, three detailed maps and a 
diagram outline (Fig. 7) of compart- 
ments, watercourses, and ridges were 
prepared. The vegetation maps were so 
complicated that they cannot be repro- 
duced on the small scale enforced by 
space limitations. Forest cover included 
woody growth 1 inch and more in diam- 
eter breast high. The ground cover 
chart showed all other vegetation, and 
the larger rocks and ledges in outline. 
The nature of the ground was indicated 
In percentages of each compartment 
covered by leaf litter, grasses, or ex- 
posed rock. These figures were visually 
estimated. Figure 8 records the signs 


of life discovered before trapping com- 
menced, and the catch of mammals. 
Trapping Methods. Removal of the 
mammals from the oak plot followed 
the plan described for the pine study 
area except, as each compartment con- 
tained only 25, instead of 62.5, square 
meters, fewer traps were necessary. A 
set was made on each corner and one 
near the center of each compartment, 
the idealized trap diagram being that 
shown in Figure 9. Because of irregu- 














t ceil 
Scale 5 meters 


Fig. 9. Oak census plot. Trap diagram per 
compartment. x =trap. 





larity of the ground and more abundant 
vegetation, offering the animal inhabit- 
ants better concealment and more 
routes of possible travel, the traps were 
actually spaced closer together than in 
the yellow pine community. The avail- 
able supply of traps, therefore, was not 
spread across the entire area, but was 
compactly grouped. The result, it was 
hoped, would be to catch the resident 
mammals near their homes and to show 
their probable points of origin. This 
phase of the work was begun on July 
15 on the southwestern portion of the 
plot, and terminated in the northeast 
section on August 3. Traps were main- 
tained in each compartment for five 
days and nights, and were moved fre- 
quently (many every day) to cover all 
possible routes of travel. “Guard” traps 
were placed accordingly. 
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Summary of Data—Oak Community. 

1. Plot statistics 
. Area of plot—5,250 square meters (1.31 acres) 
. Perimeter of plot—290 meters 
Ratio of area to perimeter (a:b)—18.1 to 1 
. Approximate area of guard strip (b X4.5 meters)—1,300 square meters 
. Total area trapped (a+d)—6,550 square meters 
Ratio of total area trapped to plot perimeter (e:b)—22.6 to 1 
. Surface composition of plot (a), in percentages. 

45  —loose, small rocks 

35 .5—leaf litter 

14.5—grasses and sedges 

5.0—rocks greater than 14 meters in minimum horizontal dimension 

h. Incidence of woody vegetation, 1 inch or greater in diameter breast high. 


Rm-ene op 


Species Diameter classes, in inches 
1 2 8 4 6 6 7 8 9 
Arbutus arizonica 1 
Juniperus pachyphloea 1 1 1 
Quercus arizonica 199 210 136 78 19 10 3 3 1 
Quercus reticulata 85 125 168 100 20 8 1 5 
i. Incidence of woody vegetation less than 1 inch d.b.h. 
Species Height classes, in feet 
0-2 3-68 6-10 11-20 
Alnus oblongifolia 1 1 
Fraxinus velutina 1 
Pinus leiophylla a 
Pinus brachyptera 1 
Quercus arizonica and Q. reticulata 37? 31! a 
Arctostaphylos pungens 1 
Mimosa tienel era 63 10 27 
Rhus virens 19 13 25 
Holodiscus dumosus 4 18 5 
Vitis arizonica 1 
j. Incidence of prominent herbaceous vegetation 
Species Species 
Agave palmeri 313 Dasylirion wheeleri 51 
Asclepias tuberosa 7 Echinocereus rosei 2 
Asplenium trichomanes 3 Nolina microcarpa 163 
Cirsium sp. 1 Opuntia engelmanni 26 
Chamaecrista leptadenia 1 Teucrium laciniatum 157 
2. Mammals 
a. Sign incidence — siti Fetal 
. ncidence on ncidence otal per 
Species plot per acre acre 
Skunk digging 3 2.3 
den, unoccupied 2 1.5 3.8 
Rock squirrel 
droppings, old 1 8 
recent 12 9.2 
den, occupied 1 8 
P unoccupied 3 2.3 
iggin 1 8 
geing 13.9 
Chipmunk feeding-place 11 8.4 8.4 
Mouse droppings 2 1.5 1.5 


1 Includes 4 clusters of numerous stems each. 
? Includes 2 clusters of numerous stems each. 
* Includes 3 clusters of numerous stems each. 
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Wood rat 
litter f 
nest, occupied 
unoccupied 
droppings 


Rabbit droppings 
b. Daily trap record 


Species 
1 2 
Citellus g. gr'ammurus 
Eutamias d. dorsalis 
Peromyscus boylii rowleyi 1 
Neotoma a. albigula 2 1 


4 3.1 
1 8 
2 1.5 
1 8 
6.2 
1 8 8 


Animals taken on nth night of trapping in compartment 


3 4 rs) Total 
1 1 2 
1 1 
1 3 5 
3 


Trap record summary 


Incidence on plot 


Species Adult 
rot 9 
Citellus g. grammurus 1 
Eutamias d. dorsalis 1 
Peromyscus boylii rowleyi 1 3 
Neotoma a. albigula 1 2 


Mammals taken on guard strip—none 


Incidence per acre 


Immature Adult mmature 
ros 9 
1 8 8 
8 
1 3.1 8 
2.3 


c. Length of trapping time per compartment—5 nights 
d. Total trapping time for plot—19 nights 


Comment. In the yellow pine area 
vegetation was sparse and mammal 
“signs” were numerous and “‘dated’”’ by 
rains and snows. In the oak area, how- 
ever, the comparative density of vege- 
tation and infrequent rains made it dif- 
ficult to find a high percentageof “‘signs”’ 
and to estimate their age. On the hot, 
dry and rocky slopes of the lower can- 
yons, dense clumps of scrub oak, with 
sprawling and (to man) almost impene- 
trable clusters of Dasylirion and Agave 
make thorough examination of all re- 
treats impossible without practically 
destroying the habitat. The ground is 
very hard, taking impressions even of 
large, heavy animals rather poorly. The 
baking effect of the hot sun and dry air 
give to tracks, diggings, and droppings, 
whether a few days or several months 
old, a uniform appearance. Drenching 
rains, even at the height of the humid 
midsummer, are infrequent and faint 
tracks often persist for a long time. 


MesquitTe-Grass COMMUNITY 
(Lower Sonoran Zone) 


Location and Description. The third 
census plot (Figure 10) was laid out in 
the mesquite-grass community on the 
Fawcett Ranch in the San Simon Val- 
ley, 23 miles east-southeast of the Por- 
tal postoffice, and about } mile south of 
the Portal-Rodeo highway. According 
to U.S. General Land Office surveys the 
area lay in the E} of the SE} of Section 
31, Twp. 17S Range 32 E. The elevation 
at this point was about 4,500 feet. 

The northeast corner of the plot was 
located 6 meters north and 6 meters 
east of the northeast corner of the 
quarter-section described above, which 
was marked by an iron pipe in a fence 
on the line common to Sections 31 and 
32, Twp. 17. Thence the east boundary 
of the plot was run due south for a dis- 
tance of 120 meters, and the north 
boundary at right angles west for the 
same distance. The area thus contained 
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14,400 square meters (about 151,200 
square feet, or 3.45 acres), and was sub- 
divided into 400 compartments, each 6 
meters square. 


Scale 6 











rowed by sandy, flat-bottomed arroyos 
down which, during and immediately 
after rains, rushed streams heavily lad- 
en with sediment. At all other times 


a N.E. corner of £4 of S.E. 
a Runnwsnehes Sec. 31 TI7S R31E. 
Broad washes 
2 Deoth in feet 


Fig. 10. Census plot, mesquite-grass community, Portal. 
Topography and compartment diagram. 


This portion of the valley was a ba- 
hada or flood plain, uniformly decreas- 
ing in elevation to the east at the rate of 
about 100 feet per mile. The compact 
stony soil was rather liberally fur- 


they were dry. None of the watercourses 
traversing the plot itself were of any 
great size, the largest being 1 meter 
deep by about 10 meters wide. Few of 
them showed any tendency toward ex- 
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cessive cutting downward but, instead, 
accommodated a greater volume of wa- 
ter by enlarging laterally. One small ar- 
royo crossing the southwestern corner 
of the plot, however, was an exception. 
This was an old V-shaped channel about 
1} meters in depth, the sides mostly 
covered by vegetation, with a small 
trough $ to 3 meter in depth, at the bot- 
tom. Arroyos of much larger size, how- 
ever, were to be found in the vicinity. 
One, about 100 yards south of the south 
boundary receiving run-off from most 
of the plot, attained a depth of nearly 5 
meters and a width twice as great. 

The dominant plant was mesquite 
(Prosopis glandulosa), but catclaw 
(Acacia constricta) was also abundant. 
Desert willow (Chilopsis linearis) was 
found along the watercourses. Among 
the lower shrubs, Mormon tea (Ephedra 
trifurca), Calliandra eriophylla, and 
Dalea wislizent were most prominent. A 
large group of the latter species grew in 
a pure, dense stand covering some 60 
square meters near the northeastern 
corner of the plot. Herbs were numer- 
ous, although the grasses (predominant- 
ly Aristida purpurea) were relatively 
sparse, at least during the summer. Al- 
though cattle had access to the area 
there was little grazing because of 
shortage of forage. The following list of 
identified plants, especially of the herbs, 
is probably incomplete. Some smaller 
species, which may not have been rec- 
ognized as distinct from others, were 
unidentifiable because of absence of 
flowering parts, or were in a dormant 
stage due to the arid season. 


Shrubs 
Acacia constricta 
Artemisia ludoviciana 
Bouvardia ovata 


Chilopsis linearis 
Dalea wislizeni 
Ephedra trifurca 
Juniperus pachyphloea 
Mimosa biuncifera 
Prosopis glandulosa 


Herbs 

Allionia incarnata 

Aristida purpurea 

Aristida purpurea var. micrantha 

Baileya multiradiata 

Calliandra eriophylla 

Cladothrix lanuginosa 

Eriogonum abertianum 

Pectis papposa 

Yucca elata 

Diagram of the plot and compart- 
ments, as well as of the drainage, is 
given in Figure 10. The depth of the ar- 
royos at various points is indicated in 
feet. 

As forest cover, in the strict sense, is 
absent, only one chart of vegetation was 
prepared and this is too detailed to re- 
produce within the special restrictions 
of these pages. It includes all woody 
shrubs, and one especially prominent 
and widely distributed herb, Eriogo- 
nium abertianum. Heights of all plants 
over 2 feet tall were estimated and re- 
corded. The crown projections of plants 
2 feet or more in mean diameter and 
capable of casting fairly complete shade 
were mapped. Because of lack of time in 
the field, distribution and density of the 
complex and varied herbaceous cover 
could not be charted. 

Signs of mammal life were mapped, 
starting on the north side of the plot 
and proceeding south well ahead of 
trapping. Indications of the presence of 
identifiable species, as well as neces- 
sarily larger groups, with actual trap 
records, are shown in Figure 11. In or- 
der to simplify this chart, records of 
signs of species not trapped (badger, 
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Fig. 11. Mammal indices or signs (before trapping) and trap records. Where sex symbol is 
omitted, identification was impossible. Mesquite-grass community census plot, Portal. 


Additional Key 


C.s. Citellus spilosoma canescens D.m. Dipodomys m. merriami 

C.h. Citellus h. harrisii O.t. Onychomys t. torridus 

T.b. Thomomys bottae extenuatus R.m. Reithrodontomys m. megalotis 
Pg. f. Perognathus f. flavus Py. e. Peromyscus e. eremicus 

Pg.h. Perognathus hispidus paradoxus Py. m. Peromyscus maniculatus blandus 
Pg. p. Perognathus penicillatus eremicus N.a. Neotoma a. albigula 


D.s. Dipodomys s. spectabilis 
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skunk, and rabbit) have been omitted. 

Trapping Method. Owing to vastly 
different cover conditions, the rectan- 
gular system of trap placement em- 
ployed in the Transition and Upper So- 
noran Zones was not used on the mes- 
quite census plot, except on about 50 
open compartments on the south side. 
At least during the arid summer season, 
cover on the desert is generally less uni- 
versally distributed than in the moun- 
tains. Limited to isolated, frequently 
dense, clumps of shrubs in a plain of low 
scant herbs, it is of little value as pro- 
tection from enemies. Most species of 
mammals forage for food among the low 
herbs, but, except the mound-building 
kangaroo rats, they nest or burrow al- 
most exclusively in the tangles of mes- 
quite and catclaw. Even certain individ- 


ual kangaroo rats of the species spectab- 
ilis live under such additional shrub pro- 
tection. This habit of the desert fauna 
was the determining factor in placing 
the traps. Every shrub or group of 
shrubs large enough to be mapped was 
“covered” with at least one trap, which 
was moved slightly from day to day to 
take advantage of indications of routes 
of travel, resting places, or dens. This 
phase of the work, taking in the north 
half of the plot, was commenced on 
August 10. On the 15th, some traps were 
shifted to the southern portion of the 
area, more were gradually transferred 
on succeeding days, and operations 
were concluded August 23. A line of 
guard traps was established in the same 
manner as was employed on the yellow 
pine community plot. 


Summary of data—mesquite grass community. 


1. Plot statistics 


. Perimeter of plot—480 meters 


mMmreoao oD 


. Surface composition of plot 


. Area of plot—14,400 square meters (3.46 acres) 


Ratio of area to perimeter (a:b)—30 to 1 

. Approximate area of guard strip (b X8 meters)—3,840 square meters 
Total area trapped (a+d)—18,240 square meters 

Ratio of total area trapped to plot perimeter (e:b)—21.7 to 1 


Systematic figures were not obtained, but approximately 90 per cent of the area is 
rock and soil more or less covered by vegetation; 10 per cent of area is in arroyos 


(no vegetation at any season). 


h. Incidence of shrubs and prominent herbs 


Species 


oP 
we 


ON KO Wee 


Acacia constricta 
Artemisia ludoviciana 
Bouvaria ovata 
Chilopsis linearis 

Dalea wislizeni 
Juniperus pachyphloea 
Mimosa biuncifera 
Prosopis glandulosa 


mw 


Calliandra eriophylla 

Datura meteloides 
phedra trifurca 
nogonium abertianum 


Height classes, in feet 


3-5 6-8 9 
35 i7 
2 1 
3 5 4 
10! 1 
9 
91 90 12 
50 
2 
88 
75 


1 Not including nearly solid clump covering approximately 61 square meters. 
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2. Mammals 
a. Sign incidence 


Species 
Badger den or digging 
old 
recent 


Skunk digging 
Pocket gopher mounds, recent 
Mouse digging 

burrow 

feeding place 


Small rodent burrcw 
used 
unused 
feeding place 


Large rodent burrow 
(Dipodomys merriami?) 
Kangaroo rat mounds—old 

Wood rat nest—used 


unused 
digging 
Rabbit form 
digging 
gnawing 


b. Daily trap record 


Species 


Citellus spilosoma canescens 
Citellus h. harrisii 
Thomomys bottae extenuatus 
Perognathus f. flavus 


Perognathus hispidus paradoxus 
Perognathus penicillatus eremicus 


Dipodomys s. spectabilis 
Dipodomys m. merriami 
Onychomys t. torridus 
Reithrodontomys m. megalotis 
Peromyscus e. eremicus 


Peromyscus maniculatus blandus 


Neotoma a. albigula 
Species 


Citellus spilosoma canescens 
Citellus h. harrisii 
Thomomys bottae extenuatus 
Perognathus f. flavus 


Perognathus hispidus paradoxus 
Perognathus penicillatus eremicus 


Dipodomys s. spectabilis 
Dipodomys m. merriami 
Onychomys t. torridus 
Reithrodontomys m. megalotis 
Peromyscus e. eremicus 


Peromyscus maniculatus blandus 


Neotoma a. albigula 


Incidence 
on plot 


1 


ros 
2 


bt 


Nendo Fe oO 


ce. Trap records—on guard strip 


—_ 
ore) 
em mA 


_ 


1 


tet et OT et 


m= bo 


to bo 


me DOO 00 


1 1 
Trap record summary—within plot boundarie 


Incidence 


per acre 


WiRAwWe wo 


bo 09 & 


53. 


— 
WWD NAWAD 


1 1 
1 
1 1 
1 
3 3 5 
2 1 
3 3 
1 2 1 
2 2 
1 
1 


Incidence on plot 


Adult 


NO WR NOR ON RR RHO 


Immature 
t rot g 
2 6 4 
4 
1 
1 2 


na 


Animals taken on nth night of trapping in compartment 
4 § 6 7 8 


Total per 
acre 
3.8 
3 
3 
41.2 
2.1 
43.9 
6 
4.1 
56.5 
Total 
3 
1 
1 l 
2 
2 
1 34 
5 
2 13 
7 
1 
8 
1 
4 
Incidence per acre 
Adult Immature 
9 
3 
3 
6 
6 
7.0 2.9 
3 1.2 
3.2 
1.7 3 
.3 
ee 6 
3 
1.2 
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. Incidence on guard strip Incidence per acre 
Species Adult Immature Adult mmature 
of ? ? a 9 ? 
Citellus spilosoma canescens 1 1.1 
Perognathus penicillatus eremicus 5 1 1 1 1 7.4 ‘4 
Dipodomys s. spectabilis 1 1.1 
Onychomys t. torridus 1 1 2.1 
Peromyscus e. eremicus 2 2 1 4.2 1.1 
Peromyscus maniculatus blandus 1 1.1 
Neotoma a. albigula 1 1.1 1.1 


1 
d. Length of trapping time per compartment—7 nights (average) 


e. Total trapping time for plot—13 nights 


Comment. To a large extent the dif- 
ficulty of distinguishing recently-made, 
from old “‘signs,”’ described above as ex- 
perienced in the oak, is also true in the 
mesquite-grass community. The soil of 
the latter, however, is much less densely 
packed and less rocky, and the sparse 
ground cover makes it a simple matter 
to examine practically the entire surface 
for tracks and burrows. Even the lower- 
growing and denser clumps of mesquite 
could be penetrated and examined if 
done slowly and with due respect for the 
thorns. 

The diversity of species on the desert 
multiplies the difficulty of naming the 
makers of “signs”? noted. Some of this 
uncertainty is reflected in the table of 
sign incidence (p. 62) in which the sur- 
face-active small mammal indicators 
are classified as ‘‘mouse,” ‘small ro- 
dent,” “large rodent,’”’ or as belonging 
to a family represented locally by at 
least two species. The ‘“‘small-rodent”’ 
classification was used for mammals 
larger than the mice, and the burrows 
are probably ascribable to the ground 
squirrels Citellus and, possibly, to the 
Merriam kangaroo rat. 

Numerous indications were found of 
species neither collected nor even seen 
on the census plot. Badger holes were 
humerous. Since their excavations made 
in pursuit of rodents, if deep enough, 
may be used as dens for at least a brief 


period, they were classified as either 
“den” or “digging.”” Skunk work was 
noted once but not a single specimen 
was captured in the mesquite-grass 
community, either on the census plot 
or elsewhere. At least one species, how- 
ever, exists on the floor of the valley. 
Both jack rabbits and cottontails were 
abundant, but no determination of 
their range could be made except that it 
is certainly larger than the area of the 
plot. 

On the census areas in the yellow 
pine and oak communities, mammals 
were so relatively scarce that negligible 
numbers were taken on the guard strip. 
The abundance and greater cruising ra- 
dius of many of the desert mammals, 
however, as well as the larger area stud- 
ied, made it advisable to take greater 
precautions to prevent possible visitors 
from reaching the plot. A double line of 
guard traps was established according- 
ly, and the average width of the strip 
thus protected increased to about 8 
meters. These conditions and practices 
resulted in making a considerably larger 
number of trap records for the mes- 
quite-grass community plot guard strip. 
These records have therefore been tab- 
ulated above and are prorated on a per- 
acre basis in the table on page 64. 

Comparison of the figures of species 
represented by adults taken on both the 
guard strip and the plot itself shows 
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Incidence of adults 


Species Plot Guard strip 


Citellus spilosoma cane- 


scens 9 4.1 
Perognathus _ penicillatus 

eremicus 7.0 7.4 
Onychomys t. torridus 1.7 2.1 
Peromyscus e. eremicus Pe 4.2 


Peromyscus maniculatus 
blandus 3 
Neotoma a. albigula 1.2 


—_— 
. . 
— 


quite similar results in most cases. The 
outstanding divergences are in the rec- 
ords of: (1) Peromyscus eremicus, of 
which 147 per cent more adults on a per- 
acre basis were caught on the guard 
strip than within the plot limits; (2) 
Peromyscus maniculatus, with 267 per 
cent more caught per unit of area on the 
guard strip; and (3) Onychomys iorridus, 
with slightly over 23.5 per cent more 
records “‘per acre’ on the guard strip. 
Although the areas trapped are pos- 
sibly too small to furnish adequate sta- 
tistical data, this comparison indicates 
that the guard strip to an unknown ex- 
tent fulfilled its expected function: that 
of trapping cursorial mammals resident 
outside the plot boundaries before they 
wandered onto the plot. Otherwise, it 
would appear that the number of traps 
set over such a considerable area (nearly 
33 acres) would have made comparable 
catches per acre on the guard strip and 
on the plot. This is greatly complicated, 
however, by the question of ranges of 
the respective species, which will be dis- 
cussed in a later section. 

According to Bole (1939), the time 
used for removing the mammals from 
specific sections of this plot was entirely 
too long. It is possible that a larger sup- 
ply of traps would have enabled more 
rapid removal of the animals and, con- 
sequently, elimination of some indi- 
viduals that may have drifted into the 


plot from outside. The daily trap ree. 
ord, however, indicates that the num- 
bers of most species of animals taken 
nightly remained rather constant, or 
even increased, up to the sixth day. 
Several were not taken at all until the 
third or fourth day: Perognathus flavus 
and Reithrondontomys. Citellus harrisij 
and Peromyscus maniculatus were not 
captured until the sixth day of trapping, 


CRITICISM OF THE CENSUS METHOD 
AND APPLICATION 


Some of the principal weaknesses of 
the method used for estimating the 
mammalian population on the sample 
plots, and its application, are as follows: 

1. A factor of uncertainty, in deter- 
mining the size of a sample area that 
will include the home-range of the more 
cursorial species, is knowledge of cruis- 
ing radius. This has been worked out 
with certainty for but few of our native 
mammals. The plots selected were made 
as large as it was possible to study in the 
time allotted. It is felt by the writer 
that they were sufficiently extensive to 
take in the ranges of most of the species 
on which final population estimates are 
made. This, however, cannot be proved 
until much more life history work is 
done by live-trapping numbers of 
marked individuals over considerable 
areas. When such studies can be made, 
it will perhaps be found that some spe- 
cies live within areas smaller than those 
described in this paper. Others, cer- 
tainly, will be found to require larger 
ranges. 

2. The problem of completely isolat- 
ing the plots in order that the popula- 
tions may not vary too widely presents 
great physical difficulties. Unless some 
protective measures are taken, individ- 
uals of cursorial species will wander 
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from without onto the area, thus swell- 
ing the numeration, while residents may 
elude notation by spending vital peri- 
ods outside the boundaries. While 
trenching or fencing a plot is an obvious 
solution, it is of course impracticable. 
The work of adequately protecting 
from intrusion more than an acre of 
steeply-sloping, exceedingly rocky and, 
in places, densely overgrown country in 
the oak community, for example, would 
rule out these solutions of the question. 
In addition to expense, the work would 
entail so much disturbance that most of 
the animals which the barrier was de- 
signed to enclose would probably move 
out before completion of the project. 
The alternative in this study, as has 
been stated, was to “protect” the cen- 
sus plot as far as possible from changes 
in the small mammal population during 
the trapping count by enclosing the 
study area with a line of traps. This line 
it was hoped, would attract and catch 
such small mammals as lived outside 
that might attempt to go within the 
boundaries. On the other hand, the 
number of plot residents moving out 
and getting into the “guard traps” 
would be small as most of them would 
be taken in the traps set on the plot. In 
any event, the plot residents caught in 
the guard traps should differ little from 
the number moving from the outside 
past the guard line and becoming 
trapped on the plot. However, the ac- 
curacy of this premise can be checked 
only by repeatedly  live-trapping 


marked individuals over a period of 
time. There was no opportunity to car- 
ry out such a study. 

3. While mammalogists believe that 
present-day traps are highly effective, 
there is no certainty that this is the 
case. Failure of the traps employed to 


catch a small percentage of the total 
population—those individuals that, for 
any reason, are shy of, or unattracted 
by the traps or bait—would mean a 
large error if the census results were ap- 
plied to whole sections of land. On the 
other hand, the bait employed might 
conceivably have for the olfactory 
senses of certain small mammals, a 
powerful appeal appreciable over con- 
siderable distances, thus drawing the 
animals beyond their natural ranges. 

4. Time was lacking in which checks 
of the method could be made in similar 
habitats in other mountain ranges of the 
Southwest. It would be unwarranted, of 
course, to expect that a careful count of 
the mammals on little more than a total 
of 3 acres will apply equally well to the 
population in the same vegatative com- 
munities elsewhere. Even if the areas 
selected were typical for the Chiricahuas 
(a moot point), some variations would 
be encountered elsewhere due to differ- 
ence in soil, food, exposure, snow, and 
rainfall—all the factors making up the 
environment—as well as accidental var- 
iation. Checks are therefore needed, not 
only on the method, but on its applica- 
tion to other areas. 

5. Correlation of population counts 
with signs noted on the census plots, 
and the application of sign tallies to 
field conditions, brings in the human 
element of observational skill. The dif- 
ficulty of distinguishing between similar 
signs of the presence of certain species 
becomes involved as the complexity of 
life increases. Relatively few species of 
mammals are found in the Upper So- 
noran and Transition life zones. In the 
Lower Sonoran, on the other hand, each 
genus may be represented by several 
species. The genera are themselves nu- 
merous, and signs left by any of several 
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kinds of mammals may be very similar 
in appearance. Sign interpretation and 
identification of the makers must be 
carefully done, as errors made on the 
sample plot would be multiplied many 
times when the results are applied to 
large areas. Any method of estimating 
population that depends on sign abun- 
dance as a basis is only as accurate as 
the field interpretations. 

Special attention is called to general 
considerations and conclusions reached 
in “The quadrat method of studying 
small mammal populations,” by B. P. 
Bole, Jr., many of which are applicable 
to the present study. This publication 
appeared after work on the manuscript 
of my own paper was practically com- 
pleted. 


SUMMARY AND CONCLUSIONS 


Estimating small mammal popula- 
tions must be done indirectly if it is to 
be accomplished under field conditions 
and over a sizable area. Mammals, par- 
ticularly the nocturnal, largely subter- 
ranean forms, can rarely be counted di- 
rectly. The work must be done with 
some rapidity and with a minimum of 
disturbance, or an unknown percentage 
of the population of at least the more 


timid species will move away. Until g 
direct and rapid means of counting js 
devised, estimates must be applied to 
large areas from accurate data secured 
on sample plots. In the hope of making 
progress toward obtaining a small 
mammal population index for similar 
vegetative types of the Southwest, the 
present study was undertaken. With 
certain future refinements of technique, 
the large sample-plot method should 
furnish a reasonably accurate basis for 
censusing small mammals. 

Study plots were established in “typ- 
ical” areas of the ecologic communities. 
Tracks, dens, feeding spots, and other 
evidences of the presence of mammals 
were identified and counted. The ani- 
mals were then trapped as rapidly as 
possible, using a large number of traps 
within the plots and on “guard strips” 
surrounding the boundaries. A fairly 
constant index between signs of activity 
and actual population was thus estab- 
lished. By the use of such check plots, 
it is possible to make a final estimate of 
the total population of any larger area 
in the territory embraced in the study. 

The ratio of catch to signs, obtained 
from the trap records and sign counts 
made on the three census plots follows: 


1. Yellow Pine Community 


. Catch frequency . 
. Sign frequency , Ratio of catch 
Species index per acre (Pan a vot a 4 to signs 

Eutamias d. dorsalis 77.4 8.1 bs OS 
Peromyscus maniculatus rufinus and 

P. boylii rowleyi 164.4 14.6 E:21.3 
Neotoma m. mexicana None 1.6 = 

2. Oak Community 
Citellus g. grammurus 13.9 6 1: 8.7 
Eutamias d. dorsalis 8.4 8 1:10.5 
Peromyscus boylii rowleyi 1.5 3.9 1: 0.4 
Neotoma a. albigula 6.2 2.3 1: 2.7 
3. Mesquite-Grass Community 

Thomomys bottae extenuatus 3 3 ji ae | 
Dipodomys s. spectabilis 6 1.5 1: 0.4 
Neotoma a. albigula 4.1 ia 1: 0.29 


Other small rodents (Citellus, Pero- 
a Dipodomys' merriami, 


nychomys, and Peromyscus) 43.9 20.4 I: 2.18 





BAILEY, 


Boxe, I 


CAHAL/ 


Dice, | 


Dice, | 








ntil 9 
Ng is 
ad to 
ured 
king 
smal] 
nilar 
, the 
With 
que, 
ould 
8 for 


2 of 


nts 





TRAP-REMOVAL CENSUS OF SMALL Mammats—Cahalane 67 


LITERATURE CITED 


BAILEY, VERNON 

1913. Live zones and crop zones of 
New Mexico. North Amer. Fauna 
No. 35, 100 pp., 16 pls., 6 figs., 
1 map. 

Boe, B. P., JR. 

1939. The quadrat method of study- 
ing small mammal populations. 
Sci. Publ. Cleveland Mus. Nat. 
Hist. 5(4): 15-77. 

CAHALANE, Vicror H. 

1939. Mammals of the Chiricahua 
Mountains, Coehise County, Ari- 
zona. Journ. Mammal. 20(4): 
418-440. 

Dice, Lee R. 

1931. Methods of indicating the 
abundance of mammals. Journ. 
Mammal. 12(4): 376-381. 

1938. Some census methods for 
mammals. JouRN. WILDLIFE 
MANAGEMENT 2(3): 119-130. 

Dice, Lez R. and Puitre M. Buossom 
1937. Studies of mammalian ecol- 


ogy in southwestern North Amer- 
ica with special attention to the 
colors of desert mammals. Car- 
negie Institution of Washington, 
D. C., Publ. 485, iv+129 pp., 
8 pls., 8 figs., 9 tables. 
GrauaM, S. L. 
1929. The larch sawfly as an indi- 
cator of mouse abundance. Journ. 
Mammal. 10(3): 189-196. 
Puiuips, J. F. V. 
1931. Quantitative methods in the 
study of numbers of terrestrial 
animals in biotic communities: A 
review, with suggestions. Ecology 
12(4): 633-649. 
Ruut, H. D. 
1932. Methods of determining the 
abundance of some game species. 
Trans. 19th Amer. Game Conf., 
pp. 442-450. 
TAYLor, WALTER P. 
1930. Methods of determining ro- 
dent pressure on the range. Ecol- 
ogy 11(3): 523-542. 
Victor H. Cahalane 


Fish and Wildlife Service 
Washington, D. C 











VERSATILITY IN FEEDING AND POPULATION 
MAINTENANCE OF THE MUSKRAT! 


Paul L. Errington? 


Regardless of the ease with which 
muskrats (Ondatra spp.) are generally 
trapped, and of a fur value sufficient to 
encourage severe if not annihilative lo- 
cal exploitation (Errington, 1940), mil- 
lions of pelts of two of the three species 
occurring in North America continue to 
be taken annually. Ondatra zibethica in 
its various subspecies is found over the 
greater part of this continent, and O. 
rivalicia becomes exceedingly abundant 
in the Louisiana marshlands. More- 
over, O. zibethica, as an introduced pest 
in a number of European areas, has 
withstood diligent and ingenious cam- 
paigning without being brought under 
more than partial control (Mohr, 1933; 
Storer, 1937). 

The success of muskrats in maintain- 
ing their populations as well as they do 
despite the human pressure they may 
bear is usually ascribed chiefly to their 
fecundity. But, prolific as they may be, 
they are also adapted, within limits, to 
a semiaquatic existence without being 
wholly helpless on dry land or in the 
event of crises or adverse environmental 
changes. Among the adaptations that 
are doubtless major assets are those 
that permit them to procure food under 
different conditions. In normal life, the 
animals swim and dive expertly and, 
while submerged, dig or gnaw loose the 

1 Journal Paper No. J. 757 of the Iowa 
Agricultural Experiment Station, Ames, 
Iowa. Project No. 498. 

* Iowa State College in cooperation with 
the U. S. Biological Survey, the American 


Wildlife Institute, and the Iowa Conserva- 
tion Commission. 
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underparts of marsh or streamedge 
vegetation. Adults and subadults may 
burrow extensively in all but the more 
resistant soils, gnaw through ice and 
frozen mud, cut down sand bar willows 
(Salix interior) up to an inch in dian- 
eter, and drag overland for hundreds of 
feet such objects as ears of corn (Zea 
mays). 

Much has already been published on 
the food habits of muskrats, both of 
animals living in captivity and in the 
wild. Arthur (1928) and Svihla and 
Svihla (1931) have written of the foods 
of O. rivalicita; the remainder of the 
literature, North American and Euro- 
pean, relates to O. zibethica, as will the 
present paper. 

Of the more comprehensive food in- 
vestigations carried on in recent years, 
those of Johnson (1925) in New York, 
Enders (1932) in Ohio, Smith (1938) in 
Maryland, Hamerstrom and _ Blake 
(1939) in Wisconsin, and Butler (1940) 
in Manitoba have made available infor- 
mation of particular utility to the stud- 
ies with which I have been associated. 
Johnson’s report is notably rich in 
quotations, which reveal a broad array 
of foods that may be eaten by musk- 
rats. Certain items are evidently pre- 
ferred; others may be rejected or eaten 
incidentally or in response to necessity. 
Interpretations of feeding behavior and 
related phenomena differ, as may be 
expected, according to observers or au- 
thors, and many statements reflect 4 
perhaps still current disagreement as to 
what muskrats will or will not eat. 
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Except for generalizations and dis- 
cussions of special phases of feeding 
trends (Errington, 1937a; 1938; 1939a), 
the findings of our Iowa studies of 
muskrat food habits have not been pub- 
lished. A detailed presentation of the 
notes in hand does not appear desira- 
ble, but I believe, nevertheless, that 
there is a need for further integration of 
the food habits and the ecology of 
muskrats than has come to my atten- 
tion in print. 


MeETHODs oF STUDY 


From the summer of 1934 to the 
spring of 1940, approximately 8,000 
hours have been spent in the actual 
field work of the Iowa muskrat investi- 
gations. Much of this time was de- 
voted to studies other than of food 
habits, but the latter received close at- 
tention whenever circumstances were 
favorable for analyses of feeding be- 
havior in relation to comparative avail- 
ability of food types. 

The most productive food habits re- 
search procedure for warm weather 
months was the recording of items at 
feeding places combined with scrutiny 
of cuttings, diggings, and other “sign.” 
Help in identification of plant material 
was freely given by members of the 
Department of Botany, Iowa State 
College, especially by Dr. Ada Hay- 
den. Fecal samples were looked over, 
when possible, as part of the daily field 
routine, and this simplified the problem 
of distinguishing between plants cut or 
gathered for food or for other uses. Al- 
though complete identification of fecal 
contents would be for most specimens a 
virtually hopeless task even with the 
aid of the best reference collections and 
laboratory equipment, cursory exami- 


nations in the field clearly revealed 
dietary trends when the animals were 
subsisting upon corn kernels, cray- 
fishes, carcasses of their own kind, and 
certain other substances retaining a dis- 
tinctive appearance through digestion. 

Data from observations on individu- 
als feeding or foraging—frequently made 
at short distances for many minutes at 
a time—proved in the aggregate very 
important in confirming or modifying 
conclusions derived from the main body 
of field notes. Shooting of a number of 
animals engaged in eating small objects 
floating on the water or picking them 
out of drift washed in to shore also clari- 
fied doubtful points. 

Winter feeding of wandering musk- 
rats or of those forced, as by drought, 
to seek food in places exposed to human 
view may be readily studied (Erring- 
ton, 1939a), but, as a rule, the cold 
weather activities of well-situated pop- 
ulations in north-central states are dif- 
ficult to follow unless clearness of ice or 
partial caving of subsurface retreats 
from non-flooding thaws afford excep- 
tional opportunities. The material with 
which dry outer openings of bank bur- 
rows may be plugged may consist more 
or less of food debris from within, and 
plugging efforts of the resident animals 
may sometimes be accelerated for re- 
search purposes by artificial manipula- 
tion. Feces may float up from the bot- 
tom of a stream or body of water to be- 
come imbedded in the ice, from which 
they may be obtained by chopping, but 
are of more restricted use in winter food 
habit investigations because of the oc- 
casional high incidence in muskrat diet 
of frogs (mostly Rana pipiens), smooth- 
skinned fish as bullheads (Ameiurus 
spp.), and similar pabulum that would 
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be likely to suffer nearly complete di- 
gestion and of which there may be 
scant “‘sign’” visible under cover of the 
ice and snow. On the other hand, stom- 
achs were of foremost importance for 
the interpretation of the often’ frag- 
mentary or atypical field observations 
of midwinter. 

Nearly 1,400 dead muskrats, from 
new-born to fully mature and repre- 
senting all seasons, were handled. 
Stomachs of about 455 of these were ex- 
amined, including those of victims of 
motor traffic, predation, and intraspe- 
cific fighting in addition to carcasses 
saved for the study by trappers and 
specimens taken personally and by the 
Conservation Commission. The Section 
of Food Habits Research of the U. S. 
Biological Survey worked with about 40 
of our formaldehyde-preserved stom- 
achs, but much of the finely-ground 
contents proved to be excessively diffi- 
cult to identify in the absence of a 
plant collection from the areas from 
which the stomachs were obtained. My 
own experience with 74 preserved stom- 
achs examined independently in Iowa 
State College laboratories was unsatis- 
factory for the same reason. In studying 
food habits of the fox squirrel (Sciurus 
niger rufiventer), Baumgartner and Mar- 
tin (1939) used histological methods, 
which Clarence Cottam (letter, May 11, 
1939) believes could well be adapted for 
muskrat work. 

For immediate Iowa needs, however, 
such time-consuming technic did not 
seem practical, especially since gross 
examination of stomach contents at the 
time, and on the site, of collection may 
be sufficiently accurate to indicate feed- 
ing trends, and may ordinarily be ac- 
complished with little more equipment 


than pocket knife and hand lens. Over. 
looking or failing to recognize minor 
items doubtless occurs, but field analy- 
ses are less crude than may at first be 
thought ;* moreover, they have the very 
substantial advantage of permitting 
comparison of stomach material still re- 
taining natural color and texture with a 
“reference collection” at hand consist- 
ing not only of uneaten food remnants 
but also of all available foods of the 
habitat. 

The original data upon which this 
paper is based were obtained for the 
most part from central and northwest- 
ern Iowa and to a lesser extent from the 
southern and southeastern counties of 
the state. Notes taken between 1919 
and 1928 while trapping for fur in east- 
central and western South Dakota and 
during brief later visits to the same lo- 
calities are of supplementary value. 
While first-hand information on musk- 
rats of the larger lakes and rivers is de- 
ficient, the data on food habits are con- 
sidered typical for lake, marsh, and 
small stream, and drainage ditch areas 
from Missouri to Minnesota, Wiscon- 
sin and Illinois to the Dakotas and 
Nebraska—from city limits to wilder- 
ness, and from prairies and high plains 
to hardwood transition and coniferous 
forests. 


Foop SELECTION oF MuskKRATS 


Captive muskrats have revealed 
many individualistic feeding traits. 
Svihla and Svihla (1931: 17-18) state 
that favorite foods of Ondatra rivalicia 
eaten in confinement were in order of 
preference: “rolled oats, corn, apple, 


? Davison (1940) has recently described 
field methods adapted to large-scale examina- 
tions of gamebird crops. 
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fresh lettuce, wheat, rice and oats,” and 
also that “some refuse to eat carrots 
and apples, while others eat them eager- 
ly.” A wild-caught O. zzbethica kept by 
Cole and Tooker (1904) preferred car- 
rots to all foods given it and was strictly 
herbivorous, rejecting beef and fish. 

Svihla and Svihla (1931: 17) com- 
ment on the inquisitiveness of their 
animals and the testing of unknown ob- 
jects: “In fact, muskrats which es- 
caped from pens in the house nibbled 
at almost everything, from Christmas 
cards to shotgun shells.” In Iowa, musk- 
rats were known to taste but not relish 
stale candy bars someone had thrown 
from a bridge. 

Undoubtedly, a complete list of foods 
eaten by muskrats would not be far 
from synonymous with the accessible 
flora in their habitat—as Bradt (1938: 
153) noted for the beaver (Castor cana- 
densis)—plus much of the fauna, .in- 
cluding old skeletons of farm animals 
presumably gnawed for calcium. Horse- 
tail (Equisetum spp.) seems to be the 
only important waterside growth of 
which utilization for food has not been 
recorded in the Iowa field notes, though 
Butler (1940: 38) lists EZ. fluviatile as the 
third most important muskrat food of a 
marsh near Mafeking, Manitoba. Milk- 
weed (Asclepias sp.) growths of Iowa 
streams may be avoided or readily eat- 
en. That rejection or acceptance of cer- 
tain plants or parts thereof may be 
conditioned by seasonal palatability or 
succulence, as well as by the muskrats’ 
own preferences, habits, and needs, is 
particularly illustrated by published ac- 
counts of feeding upon cat-tail (Typha 
spp.) (Johnson, 1925: 253-256) and 
corn (Errington, 1938). 

When favored foods happen to be the 


most available, their use as staples is 
naturally to be expected, but local stud- 
ies may bring out considerable variation 
in year-to-year feeding trends that do 
not seem associated with differences in 
availability. In the spring of 1936, the 
underparts of smartweeds (Polygonum 
spp.) received unusual attention from 
stream-dwelling muskrats in the vicin- 
ity of Ames, Iowa; in the spring of 1937, 
roots and leaves of shepherd’s purse 
(Capsella bursa-pastoris) were favorites, 
and for weeks into the summer, the 
green stems of this plant were obviously 
selected from mixed growths. 

Along with all of the evidence of food 
selection given by Johnson (1925), End- 
ers (1932), Butler (1940), and other 
writers and the confirmation and aug- 
mentation of this evidence provided by 
our Iowa notes, there is much that 
shows little or no selectivity in feeding 
behavior of some animals. Individuals 
have been observed to gather into their 
mouths as they came to them the mis- 
cellaneous plants of manageable sizes 
growing within a few yards of the wa- 
ter’s edge, then to deposit their loads in 
shallow water and eat them entirely ex- 
cept for particles escaping notice. Scru- 
tiny of the “mowed” patches frequently 
to be seen adjacent to muskrat-occu- 
pied ditches and creeks may disclose the 
same sort of indiscriminate utilization 
of typical bank flora intermediate be- 
tween low plants and seedlings just out 
of the ground and the heavier stands of 
sapling trees. 

Foods consumed at random are those 
that are taken, so far as we can see, es- 
sentially because they are convenient 
and adequate—the usual native and 
exotic vegetation of stream borders, 
pastures, and cultivated fields. Con- 
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versely, muskrats passing through 
mixed vegetation to forage in a definite 
place some distance from their regular 
quarters are generally going after ear 
corn, apples, or other highly desired 
staples or delicacies. A minimum of ran- 
dom or variable feeding is typically to 
be noted in marshes where a few excel- 
lent foods—such as cat-tails and Cyper- 
aceae—are sufficiently abundant that 
the animals need eat little else. 

Selective or not, muskrat feeding 
tendencies are interlinked with many 
variables from which they cannot easily 
be dissociated. It is clear, nevertheless, 
that the animals may be capable of con- 
siderable individual and mass adjust- 
ment in response to opportunity or ne- 
cessity. Observations on foods eaten 
from choice are of interest and analyti- 
cal value, but inquiry into what can and 
does constitute subsistence diet seems 
especially pertinent to an ecological dis- 
cussion. 


Post-WEANING TO SUBADULT 
FEEDING 


The food habits of young muskrats 
after weaning, which in Iowa usually 
takes place early in the fourth week (Er- 
rington, 1939b), resemble those of 
adults about as much as is consistent 
with their smaller size. On marshes, the 
young may feed upon the tender leaves 
and shoots of cat-tail and similarly con- 
venient material making up the bulk of 
the summer diet of grown muskrats; 
and, along creeks and drainage ditches, 
I have watched individuals between a 
month and six weeks of age procuring 
and eating in an adult-like manner 
both exposed and submerged parts of 
vegetation growing at the water’s edge. 

The larger sizes of young (born in late 


April and early May) are by midsum.- 
mer cutting and transporting coarse 
plant growths as corn stalks and leaves, 
cat-tail and rush stems. Even at times 
when much evidence of muskrat forag. 
ing was to be seen in corn fields, how- 
ever, “young animals were observed 
feeding chiefly on natural vegetation in 
or near the water” (Errington, 1938: 
419). Notes taken at Round Lake near 
Ruthven, Iowa, during the summer of 
1938, a season of high water, disclose 
much feeding of young muskrats upon 
adjacent land vegetation, although the 
usual marshy growths were available; 
but, insofar as sume adults foraged con- 
sistently on shore at this place, the data 
may point more to the establishment of 
a local habit than to differential age be- 
havior. Warwick (1936: 168-170) writes. 
“The young are for a few weeks much 
more terrestrial in habits and their foot- 
prints are therefore relatively more 
often found” and that young muskrats 
feed on “grasses and other vegetation of 
the river bank to a much greater extent 
than the adults normally do... .” 

I have rarely observed young musk- 
rats engaged in flesh-feeding of other 
than cannibalistic types. Cannibalism 
frequently occurs on all the Iowa 
marshes that have been intensively 
studied and is ordinarily manifested by 
feeding upon the cold carcasses of 
young killed by attacks of adults or dy- 
ing from drowning or exposure, pa- 
rental neglect, accidents, and disease. 
Carcasses of small, nearly hairless sizes 
are more relished than those of larger 
furry animals, but the latter may also 
bear sampling bites or have large holes 
eaten into them. Young muskrats may 
within their first week after birth suffer 
a certain amount of direct intraspecific 
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predation, of which at least some has 
been traced to individuals between one 
and two months old. Killing of muskrats 
by others, accompanied or followed by 
cannibalism, may be associated with a 
diversity of factors, but its incidence 
seems to rise chiefly as population den- 
sities become top-heavy for specific 
habitats. The nutritional significance of 
this “unnatural” behavior is hard to 
appraise; it is true that excellence of 
food conditions may reduce flesh-feed- 
ing and intraspecific frictions alike, but 
spatial relationships of the muskrats, 
young and old, may be complicated by 
increasing tensions at times when the 
animals may not be confronted by any 
perceptible shortage of high grade foods. 

Young muskrats are in many ways 
adult-like in appearance and routine 
conduct after they pass their third 
month or the “kit”? stage familiar to 
north-central trappers and fur-buyers 
(Errington, 1939b). They are then 
smaller in average size than adults but 
swim, dig, gnaw, forage, and carry food 
much as when fully grown. Their diet 
consequently shows a wider range of 
items, some of which may be of notable 
importance. It was observed, for in- 
stance, during drought crises, that 
“Adults seemingly may maintain them- 
selves for weeks in hot weather without 
water except that which they get from 
moist foods, but field evidence suggests 
that young animals of post-weaning to 
half-grown sizes may die of thirst under 
similar conditions” (Errington, 1939a: 
169). The adults here referred to were 
living mostly upon rushes, whereas the 
dead young, from the evidence of their 
alimentary tracts, had taken drier leaf 
and stem material from miscellaneous 
sources. 


Warm WEATHER Foops or ADULTS 

During the main growing season for 
plant life in north-central United States, 
muskrats may subsist more upon tender 
stems and sprouts than upon under- 
ground portions of the vegetation they 
find available, the degree varying with 
local conditions. Dixon (1922: 41), from 
work with Ondatra zibethica pallida in 
California, states: “‘In the Imperial Val- 
ley muskrats live and forage entirely 
within the canals and other waterways. 
The writer has been unable to find a sin- 
gle instance where muskrats have gone 
out from the canals and injured growing 
crops in the adjoining fields. The favor- 
ite food of this rodent consistsof the nat- 
ural vegetation, such as cat-tail and 
grass roots....’’ Some Iowa musk- 
rats, especially those living in drainage 
ditches, may feed extensively in corn 
fields (Errington, 1938); marsh dwellers 
under observation seldom departed far 
enough from the water to get into cul- 
tivated fields, although certain popula- 
tion groups fed on shoreline plants even 
when much aquatic food of generally 
relished kinds was to be had. 

Frequent reference is made in the 
literature to muskrats choosing plants 
in new stages of growth but rejecting 
them later as they became tough and 
coarse. Johnson (1925: 253) traces this 
feeding sequence with respect to the 
cat-tail in western New York: “In the 
early part of the summer, or so long as 
the flag retains its tenderness and suc- 
culence, a large part of each plant cut 
down, except the fruiting body, may be 
consumed, and in the case of the small- 
er, non-fruiting, young plants practi- 
cally all is eaten. In the larger and more 
mature plants... it is the core of the 
stem that is sought... although the 
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more tender terminal portions of the 
leaves are often eaten. As the season ad- 
vances and the cat-tails lose their suc- 
culence the acceptable part becomes 
limited mainly to a few inches of the 
central part of the stem near the base. 
. .. Inareas where much new flag springs 
up in the middle and latter part of the 
summer these young shoots are greatly 
preferred. It is not alone the above- 
ground portions that are eaten, but the 
underground stems or root-stalks are 
equally sought.’ It may be appended 
that, in Iowa marshes, the underparts 
of cat-tails are fed upon most heavily in 
warm weather during low water stages. 

Seasonal changes in habits of corn- 
feeding muskrats in central Iowa have 
been outlined (Errington, 1938: 417). 
By the first week in July, the corn 
plants may be three or four feet high 
and the canes especially relished. In late 
July, “The interest of muskrats in vege- 
tative portions of corn plants sometimes 
diminishes ... and prior to the roast- 
ing-ear stage there may be scant evi- 
dence of current activity in the corn- 
fields. ... Roasting ears in the second 
half of August, however, may consti- 
tute a major attraction... . From ripen- 
ing time [September] until the water 
courses freeze over, the most general 
foraging in cornfields is noted” (Erring- 
ton, 1938: 417). 

Apart from the obvious but often in- 
termittent favoritism shown by musk- 
rats of Iowa streams toward growing 
corn and such plants as shepherd’s 
purse, some foods are rather widely 
sought each year. Green stems of blue 
grass (Poa pratensis) are heavily eaten 
from mid-April through June; young 
goldenrod (Solidago sp.), in May; barn- 
yard grass (Echinochloa crusgalli), June 


to October; Eragrostis cilianensis, July 
through August; bur marigold (Bidens 
spp.), July to October. Smartweed 
stems are a chief food from June until 
they wither in late October; the fruits 
may also be eaten in some quantity as 
they become available. In Ohio, Jeru- 
salem artichoke (Helianthus tuberosus) 
stems were important in the summer 
diet of muskrats living along certain 
streams (Enders, 1932). With the ap- 
proach of fall in Iowa, there may be lo- 
cal feeding upon fruits of haws (Cratae- 
gus spp.), acorns (Quercus spp.), and 
underparts of grasses and composites. 
Much green material may be taken as 
late as October: blue grass, asters (Aster 
spp.), mints (Labiatae), sweet clover 
(Melilotus alba), sedges (Cyperaceae), 
and miscellaneous stream-bank rosettes. 
Various plants still retaining succulence 
may be singled out for attention; one 
field note dated August 25, 1937, de- 
scribes the nearly complete removal of a 
stand of greater ragweed (Ambrosia tri- 
fida) that was for some reason back- 
ward in development and thus excep- 
tionally tender eating. 

Enders’ (1932) comments regarding 
selective response of Ohio muskrats to 
available growths of white clover (Tri- 
folium repens) would similarly apply to 
behavior of the animals in some Iowa 
fields of red clover (Trifolium pratense) 
and alfalfa (Medicago sativa). Hamer- 
strom and Blake (1939) found central 
Wisconsin ditch-dwelling muskrats eat- 
ing the tubers of bugleweed (Lycopus 
uniflorus) in great quantities at all sea- 
sons. In Iowa, streamside oats (Avena 
sativa) plants are occasionally eaten se- 
lectively when green; the stems of cock- 
leburs (Xanthium spp.) may be con- 
sumed both during the growing season 
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and after they are hard and dry. 

Seedlings of willow (Salix spp.), cot- 
tonwood (Populus balsamifera), box el- 
der and maple (Acer spp.), and trees 
growing on sand bars and banks seem 
to be especially attractive to muskrats 
in late summer. The shoots of willows 
in particular enter importantly into the 
diets of muskrats living in many types 
of habitats. Enders (1932) found young 
sprouts of elm (Ulmus sp.) a favorite 
food when available, and Johnson 
(1925) noted that the muskrat will put 
forth considerable effort to get the 
leaves of trees. Smith (1938:15) reports 
that the animals often gnaw the bark 
from the vines and, to some extent, eat 
the leaves of poison ivy (Rhus toxico- 
dendron), which “is very abundant on 
the higher parts of the Maryland 
marshes.”” Iowa muskrats sometimes 
eat the twigs and bark from the smaller 
branches of trees that fall into the wa- 
ter, but, more often, pay little attention 
to such items, or to tree roots, during 
the warmer months. 

In north-central marshes and lakes, 
some of the most important summer 
foods other than cat-tail are furnished 
by rushes (Scirpus spp.), bur-reeds 
(Sparganium spp.), arrowheads (Sagit- 
taria spp.), reed (Phragmites communis), 
sedges, pondweeds (Potamogeton spp.), 
and waterweed (Elodea canadensis). Se- 
lective feeding upon stem bases of blue 
flag (Iris virginica) and wild rice (Zi- 
zania aquatica) was noted, and water 
chinquapin (Nelumbo lutea) is listed by 
Enders (1932:26) as “the finest type 
of food plant’’ at Buckeye Lake, Ohio. 
Enders goes on to state his belief that 
the fruiting body and basal portions 
of leaves and stems of the yellow pond 
lily (Nuphar advena) may be staple 


diet where other plants are not avail- 
able; with this, the Iowa data seem to 
be in general agreement, but a num- 
ber of stomachs of animals collected in 
July from habitats characterized by 
such a favorite food as round bul- 
rush (Scirpus acutus) contained large 
amounts of yellow pond lily material. 
Stearns, Mac Creary, and Daigh (1939) 
give Spartina cynosuroides, Lycopus 
americanus, and the well-known Scirpus 
olneyi as foods for muskrats of a tide- 
water marsh in Delaware; Acnida can- 
nabina, though quite abundant on a 
marsh, was so heavily utilized that few 
plants reached maturity during one sea- 
son. Butler (1940:38-39) shows fluctu- 
ations in consumption of bulrush, cat- 
tail, sweet flag (Acorus calamus), and 
sedge from July to September on a 
Manitoba marsh. 

Minute plants may at times consti- 
tute warm-weather foods as important 
in their aggregate as many more con- 
spicuous favorites. Enders (1932:25) 
says of duckweed (Lemna sp.) that 
“« |. in most cases where animals were 
observed eating it, it was chosen in pref- 
erence to Typha.’ Johnson (1925:252) 
made comparable observations on 
muskrats feeding upon Wolffia spp., 
which, mixed with Lemna minor, “in 
these particular localities covered the 
surface of the water like a dense green 
mat... They [the muskrats]... lay 
floating, gulping in and munching this 
green matter with evident relish.” 
Duckweed may also be a well-utilized 
food plant of Iowa marshes in summer 
and fall and it may be almost the only 
one available in extensive areas of 
marsh where stands of Cyperaceae have 
died out so completely that little re- 
mains of them but dry or rotting stub- 
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ble. In addition to Lemnaceae, leaves 
and flowers of trees, algal masses, and 
mixed drift may be eaten from the wa- 
ter. 

Indiscriminateness in feeding (dis- 
tinguished from sampling, which tends 
to become conspicuous in mid-summer 
as palatability and availability of plant 
growths change and as young animals 
become increasingly active) may at 
times be quite apparent, especially un- 
der conditions of drought or food short- 
age that may restrict foraging. Many 
animals, however, just seem easy to 
please and may cut, carry, and eat the 
mixed water-side vegetation in essen- 
tially the order that they come to it; 
they may ignore plants less than two to 
five inches in height and those having 
tough stems more than one-third to 
three-fifths inch in diameter, but, with- 
in these broad limits, may readily ac- 
cept nearly any native and introduced 
grasses, weeds, young trees and shrubs. 
Enders (1932) observed that animals of 
a pond enclosed by a rat-proof fence 
kept in good condition on a diet of 
grasses and duckweed; and there is 
abundant evidence that, during non- 
crisis summers, it may make little dif- 
ference from the standpoint of individ- 
ual subsistence whether the material 
eaten is very palatable or merely edible. 

Apart from cannibalism, warm 
weather feeding upon animal matter 
may be associated with what looks like 
established habit about as much as it is 
with differences in availability of prey 
or fresh carrion. While the lake-dwelling 
muskrats of northwestern Iowa and 
eastern South Dakota feed to about the 
same extent on mussels, the eating of 
frogs and fishes of stream-dwelling 
muskrats seems to occur on a more gen- 


eral scale in South Dakota. The only 
conspicuous summer utilization of cray- 
fishes (Cambarus sp.) we have recorded 
took place during a single season along 
the shore of an Iowa marsh, apparently 
as a result of unusual availability of 
these crustaceans. For all of the role 
that availability of food has in promot- 
ing its consumption, response may or 
may not follow availability even of 
choice vegetable foods as corn (Erring- 
ton, 1938) and is still less predictable as 
concerns animal foods. 


CoLtp WEATHER Foops or OBVIOUSLY 
HicH SUSTENTATIVE VALUE 


Yellow ear corn is probably the most 
valuable single food for wintering 
stream-dwelling muskrats throughout 
the corn-growing state of Iowa, but the 
cat-tail rootstocks of marshes may not 
be far behind. Freudenthal (1922), writ- 
ing upon the value of Typha latifolia 
rhizomes as hog feed, cites analyses by 
J. A. La Clere showing that, while the 
fat content of yellow corn was 2.82% as 
compared with 0.65% for cat-tail flour, 
the ratios of protein (7.88%:7.75%) 
and of carbohydrate (80.83%:81.41%) 
content of these respective foods dif- 
fered little; the same author credited 
A. P. Claassen with estimating a yield 
of more than 5 tons (dry weight) of cat- 
tail rhizomes per acre or sufficient to 
produce more than two tons of flour 
made from the central core. To those 
familiar with the massive stands of cat- 
tails often to be seen on marshlands, 
this estimate should not be surprising. 

Other winter foods that may be 
judged to be of excellent quality on the 
basis of the physical condition the ani- 
mals are able to maintain while making 
them the principal items of diet include 
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underparts of such aquatic plants as 
bulrushes, sedges, bur-reeds, arrow- 
heads, reed, and sago pondweed (Pota- 
mogeton pectinatus), which may remain 
to some degree available under ice or 
frozen ground. The bugleweed tubers 
listed by Hamerstrom and Blake (1939) 
as an all-season food for central Wiscon- 
sin muskrats seem to fall in the same 
category as the roots of various peren- 
nial grasses and composites that grow 
close to the water of Iowa drainage 
ditches. 

It may be noted that the superior 
winter foods so far mentioned are char- 
acteristically of concentrated types. 
Some, as ear corn, are hard; more are 
semi-solid; all are of the sort that, from 
appearance alone, one would think high 
in proteins, carbohydrates, or fats and 
hence especially suitable for cold weath- 
er metabolism. 

Svihla and Svihla (1931:18) experi- 
menting with Ondatra rivalicia, reported 
that each of nine animals eating green 
“paille-fin’” grasses (Panicum hemito- 
mum, P. virgatum, and Spartina patens 
juncea) and corn in average proportions 
of 7.3 to 1.47 ounces consumed an aver- 
age of 25.9% of its live weight in food 
per day, whereas, for a lot of seven fed 
the green food only, the daily average 
consumption was 33.9% of live weight. 
In nature, the amount of first class win- 
ter food available to muskrats may vary 
greatly according to habitat and season; 
individuals may not be able to procure 
more than small quantities, if any, of 
corn, rootstocks of cat-tail and Cyper- 
aceae, etc., over periods of weeks, but 
the possible supplementary function of 
even a modicum of such foods should 
not be overlooked—particularly at 
times when the diets of muskrats may 


seem to consist very largely of materials 
of doubtful nutritive value. 


WINTER Foops or MorRE oR 
Less ADEQUACY 


Winter foods other than those men- 
tioned in the preceding section may ap- 
parently sustain muskrats in good flesh, 
but the status of these is not as clear as 
might be wished. Basal portions of yel- 
low pond lily and of some smartweeds, 
roots of willows, leaves of coontail (Cer- 
atophyllum demersum), stems and leaves 
of grasses (especially of blue grass) may 
be eaten in substantial amounts by 
muskrats that seem reasonably well sit- 
uated. 

Dry grasses, in fact, comprise the 
greater part of the winter diet of many 
muskrat populations of small streams. 
Specimens of animals taken from such 
habitats may be fat or lean, depending, 
presumably, not only upon what addi- 
tional foods of proved sustentative val- 
ue they have been able to find but also 
upon how much they have had to eat of 
any food of passable quality. It appears 
likely that Iowa muskrats can winter in 
good condition on grass, provided that 
they can get enough of it. Except to- 
ward blue grass, which has green leaves 
liberally scattered among the dry and is 
finer in texture as well as more available 
than many other stream-bank grasses, 
the muskrats show little evident favor- 
itism. The genera Muhlenbergia, Era- 
grostis, Bromus, Agropyron, Elymus, 
Echinochloa, and Panicum, are repre- 
sented in cold weather diets in seeming 
proportion to their availability, though 
some muskrats may pay more attention 
to perennial species—probably more for 
the sake of the rhizomes than for the 
upper parts. 
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Mixed with the grassy constituents 
- of the diet of stream-dwelling popula- 
tions may be found variable amounts of 
similarly available bank growths. Of 
these, some are probably as palatable 
and nutritious as the grasses: green 
plants of Viola spp., small mints, Lippia 
lanceolata recognita, sweet clover, shep- 
herd’s purse, and seedlings of willow, 
cottonwood, maple, and elm. Among 
the drier and coarser materials eaten in 
winter are stems of cocklebur, lambs- 
quarters (Chenopodium album), bur 
marigold, and smartweeds—though dry 
smartweed stems may also be selec- 
tively rejected at this season, as may 
dead plants of pigeon grass (Setaria 
glauca). Near Mafeking, Manitoba, the 
thick stems of buckbean (Menyanthes 
trifoliata) “‘which grows in from four to 
five feet of water are much used for food 
in winter and early spring” (Butler, 
1940:38). 

“Some populations may be so her- 
bivorous that it is difficult to find evi- 
dence of any animal foods at all in their 
diets; others may be so carnivorous that 
their ordinary diets of frogs, fish, and 
molluses may differ only slightly from 
those of mink [Mustela vison] frequent- 
ing the same areas” (Errington, 1939a: 
177-178). In winter and early spring, 
variations in responsiveness shown by 
muskrats toward animal foods are es- 
pecially apt to be linked both with ne- 
cessity and with increased relative avail- 
ability of this type of nourishment. 

Normally herbivorous muskrats of 
central Iowa streams may find and eat 
considerable numbers of crayfishes 
(dead and alive) in early spring until 
new growths of vegetation become 
available. As mid-April notes describe 
fresh remains of as many as 10 medium- 


sized to large crayfishes at a single feed. 
ing bed, this item may be an important 
one at times when local muskrat popu- 
lations are eating little else besides sod- 
den dead grass and weed stems. Frogs, 
salamanders (Ambystoma spp.), and tur- 
tles of smaller sizes may be similarly 
utilized at this season. 

Flesh-feeding by muskrats wintering 
along central Iowa watercourses may be 
a conspicuous trait of individuals, but 
we have not known it to occur on any 
general scale. Wanderers or animals 
that are for some reason restless or ill- 
prepared are those that have tended to 
feed more on frogs and fishes. Such fare, 
on the other hand, rather typified the 
food habits of the muskrat populations 
of the Big Sioux River, Brookings 
County, South Dakota, from the winter 
of 1917-18 (the earliest that my youth- 
ful observations on this subject may be 
considered accurate) to at least the win- 
ter of 1919-20, but this may be in good 
measure ascribed to the exceedingly 
great abundance of frogs. 

Lake populations of northwestern 
Iowa and of east-central South Dakota 
have shown comparable flesh-eating 
tendencies. Muskrats of the open-water 
Oakwood and Tetonkeha chain of lakes 
west of Bruce, South Dakota, had ac- 
cess to fringing growths of bulrushes but 
were known to subsist, in the main, on 
mussels, fishes, and frogs; those of 
northwestern Iowa lakes fed to a com- 
parable extent on fishes and turtles 
(Chrysemys picta belliz), taking mussels 
and frogs in approximate proportion to 
their lesser abundance. Muskrats of 
both lake regions often fed in late fall 

on carcasses of ducks crippled or lost by 
hunters. 

In the course of my studies and ear- 
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lier trapping, I have examined a great 
many muskrats taken from predomi- 
nantly flesh-eating populations and 
have seldom found any that were fat. 
Some winter-caught animals were ema- 
ciated, but, during much of this time, I 
did not make particular effort to differ- 
entiate wanderers from unfortunate res- 
idents; most were merely lean, which is 
usual for numerous muskrats wintering 
in north-central localities virtually 
every year. 

Johnson (1925:240-248) refers at 
length to muskrats feeding upon bi- 
valves and miscellaneous animals, in- 
cluding turtles. Turtles seem most likely 
to serve as a fall and winter source of 
food about Iowa lakes when large num- 
bers are torpid or sick or floating dead 
along the shores, either in open water or 
under the ice. Ordinarily, the append- 
ages are eaten away from the shell and 
the latter left nibbled around the edges; 
but pieces may be gnawed out of a two 
to five inch carapace or plastron to fa- 
cilitate removal of the edible material 
within. 

Heavy feeding upon fishes may like- 
wise be noted at times when a profuse 
supply may be found freshly dead or in 
dying condition. Bullheads five to eight 
inches in length seem preferred when 
other fishes are equally, or even much 
more, available—possibly because of 
their lack of scales and their greater 
freedom from small bones. From late 
fall throughout the winter, muskrat 
populations of many northern Iowa and 
eastern South Dakota lakes may live 
chiefly upon these bullheads, some- 
times bringing in apparently healthy 
victims but more often stripping away 
the exposed flesh from weak ones partly 
frozen (but perhaps still alive) in the ice 


or from the firmer carcasses among the 
floating dead. 

During the winters of 1921-24 and 
1925-28, in places where minks and 
muskrats of the Oakwood and Teton- 
keha Lakes of South Dakota were using 
the same water holes and feeding beds 
under ice heaves and snow drifts, musk- 
rats were frequently known to feed up- 
on the fishes and frogs heaped about by 
the minks. In one lakeshore snowdrift 
situated over a spring, frozen yellow 
perch (Perca flavescens) three to five 
inches in length, were packed along the 
main tunnel and in side openings for a 
distance of many feet; in connecting 
tunnels that ran high up on the bank 
were heads of large bullheads. Snowdrift 
tunnels of the Big Sioux River, exam- 
ined in 1919-20, contained masses of 
mink-piled frogs—hundreds in single 
tunnels near plunge holes.* 

Although muskrats may be surpris- 
ingly swift in lunging a few feet at a 
time in underwater pursuit of prey, 
most of the active fishes they take seem 
to be those living at a disadvantage. In 
Europe, depredations in ponds of fish 
culturists have been reported (see 
Mohr, 1933; Chappelier, 1934; Storer, 
1937, and references cited by Mohr and 
Storer), but these and the occasional 
losses at fish hatcheries in the United 
States fall into much the same category 
as losses due to attacks of predators 
upon birds concentrated in the pens of 
poultrymen and game breeders. 

I once saw a muskrat make repeated, 
nearly successful attempts to catch carp 


4 Predator-prey relationships between 
minks and muskrats living under conditions 
of such intimacy are outside the scope of this 
writing and will, accordingly, be reserved for 
later treatment. 
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(Cyprinus carpio) of two or three pound 
sizes when a school worked into the 
shallows at the edge of a South Dakota 
marsh, but the pursued readily escaped 
as soon as they reached deeper water 
(field note dated September 16, 1922). 
That such predatory tactics may be to 
some degree profitable in the end is in- 
dicated by other data. However limited 
may be the muskrat’s adaptations for 
direct predation, individuals may get 
close enough to a fairly large fish—for 
example, the sucker (Catostomus com- 
mersonii)—to administer a bite, the re- 
cipient of which may later, through 
weakness or death, become quite avail- 
able to muskrats, even if not neces- 
sarily to the animal that originally at- 
tacked it. 

Opportunistic muskrats naturally 
avail themselves of the fishes, dead and 
alive, that may be packed into the open 
water of springs; in a frozen-over stream 
many of the deeper pools where fishes 
congregate are likewise those with 
muskrat burrows; and, in shallow 
marshes, the last unfrozen, fish-filled 
water may be in the channels of the 
muskrat lodges and burrow entrances. 
Twenty-seven or 41% of 66 stomachs of 
muskrats taken in early January, 1940, 
from Cheever Lake, northwestern Iowa, 
revealed conspicuous evidence of pisciv- 
orous habits, despite the fact that bul- 
rushes made up the bulk of the stomach 
contents and that the animals were in 
good flesh. In this case, the water level 
of the marsh had been low when cold 
weather followed a prolonged, dry ‘‘In- 
dian summer.” It should be empha- 
sized, nevertheless, that even such ex- 
ceptional sources of animal food are not 
always accepted by local muskrat popu- 
lations. 


Cannibalism is frequently resorted to 
by wintering muskrats that are already 
eating meat of any sort. It is ordinarily 
manifested by individuals utilizing cold 
carcasses of their own species that they 
may find in the chambers of lodges and 
bank burrows, under ice-heaves, and 
generally within their daily radii of ac- 
tivity: particularly carcasses of wan- 
derers (but sometimes of residents) 
dead from malnutrition, cold, and 
wounds received in fighting, victims of 
predators (including predatory musk- 
rats), and animals caught in traps, 
Mostly, it occurs in mid-winter, in habi- 
tats where shortage or unavailability of 
food may be accentuated by drought 
and freezing of the ground (Errington, 
1939a: 173-182). 

Despite the lethal friction that may 
be so conspicuous among badly situated 
muskrats and the later eating by musk- 
rats of carcasses of others that die of 
wounds, it has been very difficult to ob- 
tain data on the extent that direct in- 
traspecific predation occurs in popula- 
tions made up wholly of adults and sub- 
adults. One possible instance has been 
described (Errington, 1939a:175):“... 
a large muskrat, losing considerable 
blood, left a regularly used lodge [on 
a dried-up marsh] from which it ap- 
parently had been driven after entering 
as a wanderer. It travelled about 175 
yards and entered another lodge. Late 
in the afternoon of the next day, it left 
this lodge and followed the shoreline for 
approximately one mile, taking refuge 
in a drift-covered weed patch on the op- 
posite side of the marsh. Just outside of 
the lodge it had left were remains of 4 
freshly dead muskrat, and two fecal 
passages picked up in the trail of the 
wanderer consisted of muskrat fur. A 
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uniformity of previous foraging routes 
in the vicinity of the invaded lodge sug- 
gests that the partly eaten muskrat had 
been an established occupant.” If the 
above is at all representative of intra- 
specific winter predation, one might 
logically expect that few muskrats 
would be either desperate or formidable 
enough to risk the wounds that they 
could hardly escape if they habitually 
made their living in such a way— 
though muskrats sometimes show an 
astounding capacity to endure and re- 
cover even from visceral wounds. 


Low GRADE AND EMERGENCY 
Foops 


By spring, the muskrats of small Io- 
wa streams may find their food supplies 
diminished in quality and amount. It is 
true that some animals may still have 
ear corn in their burrows or may have 
convenient access to corn lying in fields, 
or that other satisfactory foods may re- 
main available, but a great many of the 
muskrats one sees swimming in the 
flood waters may be eating little save 
muddy waterlogged trash: dead leaves, 
stems, and roots of grasses and weeds, 
blackened corn cobs and pieces of corn 
stalks, partly decayed tree leaves and 
twigs. For some reason, we have dis- 
covered only occasional evidences of 
muskrats eating the roots of most trees 
that grow in the water, though hard- 
wood saplings, green rosettes of land 
plants, and animal matter may be taken 
in variable quantities. 

Whatever its deficiencies, compara- 
tively innutritious and harsh fare may 
often be sufficient to carry local musk- 
rat populations through the two or three 
months between late winter and the ap- 
pearance of new plant growths in spring 


—or, in Iowa, even for periods begin- 
ning as early as October. When streams 
and potholes freeze over at stages too 
low to permit customary feeding on 
bank vegetation under cover of the ice, 
the coming out of individuals to feed on 
land during mild weather may espe- 
cially be noted, though the usual vegeta- 
tion consumed may not only be dead 
but also largely covered with snow. It 
does not follow that all of the animals 
may thus winter in prime condition, but 
at least substantial numbers may keep 
alive and be able to reproduce in due 
time. 

Prior to freeze-up, muskrats so situ- 
ated may feed upon or carry to their 
burrows about anything edible that 
they can get. The muskrats of a series of 
food-poor creek potholes observed in 
Haakon County, western South Dako- 
ta, November, 1924, attacked the sur- 
rounding vegetation with almost to- 
tal indiscrimination, eating wolfberry 
(Symphoricarpos occidentalis) stems, 
mosses, and algae along with the few 
plants of cat-tail and bulrush that grew 
near by. Some continued to feed in the 
adjacent wolfberries in the sub-zero 
weather of December, but these may 
have been wanderers rather thananimals 
in regular, if precarious, residence. Cen- 
tral Iowa individuals entering the winter 
under comparable conditions have eaten 
considerable quantities of tree growths. 
A field note dated December 4, 1939, 
mentions the utilization of an elm tree 
that had fallen into a creek; small twigs 
had been cut off as high as eight inches 
above the water, and branches up to 1.5 
inches in diameter had been debarked. 
Another note of December 11, but re- 
lating to a different stream, records how 
a muskrat had climbed out on a willow 
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overhanging the water at an angle of 
about 25° to cut or debark all of the up- 
right branches within reach out to a 
place where the trunk was about five 
feet above the water and only about 
2.5 inches thick. 

The eating of twigs and cambium of 
dead willows on more than a sampling 
scale is nothing very unusual for stream 
muskrats; neither is the eating of corn 
cobs, including those accumulated dur- 
ing previous months and perhaps used 
with mud, stones, sticks, and roots in 
the repair of burrows. Foods of greater 
sustentative value are commonly eaten 
with such materials, however, as dry 
grasses, plus occasional flesh or a few 
kernels of corn. 

Cat-tails, bulrushes, and similarly 
high quality foods may predominate in 
dried-up marshes, so the muskrats liv- 
ing there may not be confronted by se- 
rious food crises until freezing of mud 
and peat makes the more nutritious 
parts of the plants unavailable. Then, 
desperate animals may try to subsist 
upon the upper parts and down of cat- 
tails, dry shoreline plants as bur mari- 
gold and smartweeds, and the mate- 
rials—fresh to rotting—from which 
lodges are constructed. Cat-tail root- 
stocks and muskrat flesh may retain im- 
portance as supplementary foods for 
weeks after the beginning of cold weath- 
er, but eventually little may be left ex- 
cept the poorest of fodder for what ani- 
mals still have to forage above ground 
(Errington, 1939a: 178-180). 

The diets of muskrats wandering 
cross-country in winter include, as ex- 
pected, dead grasses and weeds, corn 
stalks and the manure of domestic 
stock. Cattle dung may be a source of 
corn kernels, but I am not sure that 


many wanderers learn to search for it, 
At one extreme, animals may take up 
quarters—generally temporary or un- 
tenable—in corn shocks or under gran- 
aries; at the other, they may chew on 
wooden posts in plowed fields. 

On the whole, the cold weather diets 
of wanderers and last survivors in dried- 
out habitats do not seem appreciably 
worse than those of many flowing- 
stream muskrats that are better situ- 
ated in other respects, but the latter 
may suffer much less actual mortality. 
Muskrats we have observed seldom ap- 
peared to die of starvation that was not 
reinforced by some other inimical fac- 
tor, as cold; tails and feet of wanderers 
or individuals that had to feed outside 
in severe weather were often frozen; 
some were handicapped by, or dying 
from, wounds received in fighting 
among themselves; and, finally, the ex- 
penditure of energy required for wide 
foraging or daily gnawing through ice 
and frozen mud to gain access to feed- 
ing grounds may have made inadequate 
a diet on which animals not having to 
work so hard might have kept alive un- 
til spring. 


STORAGE oF Foop By MusKRATS 


Whether or not muskrats store food 
for winter use seems, like their respon- 
siveness to availability of animal foods, 
to be conditioned by local habit as well 
as by the demands of a given situation. 
Seton (1929:585) credits Dr. Charles A. 
Eastman with a statement that musk- 
rats may often store a bushel or more of 
Sagittaria bulbs in their houses. I have 
never seen anything comparable to this 
in the thousands of lodges I have ex- 
amined in Iowa and South Dakota in 
connection with either trapping or re 
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search, although there may be debris 
from meals in or about the plunge holes 
of lodges and sometimes considerable 
quantities in the water of the ‘feed 
houses.” This has led to the generaliza- 
tion that “marsh-dwelling muskrats 
[which include the greater number of 
those that live in lodges with any regu- 
larity], obtaining their food from the 
marsh largely as required each day, sel- 
dom appear to develop storage habits; 
accordingly, when attempting to con- 
tinue their usual feeding routines under 
drought conditions, they may find 
themselves confronted by crises that ex- 
ceed their immediate adaptability” (Er- 
rington, 1939a:180). 

Eating of parts of the lodge itself 
takes place especially in winter and 
spring but also at other seasons. This 
may be only incidental to building or 
remodelling, or it may be done by ani- 
mals pressed for food or conceivably by 
some merely because they may feel like 
it. The lodges fed upon may be of every 
sort from those made of fresh, green 
tops of rushes or marsh grasses to those 
resembling punky, decaying manure 
piles. The inclusion of rootstocks of cat- 
tails and bulrushes with the tops of the 
same plants probably is done with no 
more intent of storage than the mixing 
of clam shells, stones, miscellaneous ob- 
jects, and mud with vegetable material 
gathered for building purposes. 

Animals of small Iowa watercourses 
may likewise utilize for food as they 
heed it, or eat at random, material pre- 
viously carried into burrows for bedding 
or repairs, or old accumulations of once 
unrelished plant parts discarded during 
times when abundance of forage al- 
lowed more discrimination in feeding. 
Mats of vegetable debris left over at 


waterside feeding places may, because 
of their proximity to currents, tile 
drains, and springs, remain partly ac- 
cessible for weeks in mid-winter despite 
thickening of the central ice and freez- 
ing of much if not most of the stream 
bottom. 

Johnson (1925:258) questions that 
the foods reported in bank dens are, in @ 
true sense, stored. Commenting on a 
statement by Seton to the effect that 
muskrats may be seen carrying much 
vegetation to their dens from June all 
through the summer and Seton’s con- 
clusion that—insofar as the material 
(though perhaps originally intended for 
bedding) is eaten at need—this does 
represent a kind of storage, he writes 
after mentioning similar observations of 
his own: ‘‘A more plausible interpreta- 
tion, it seems to me, would be that 
many of the muskrats one sees trans- 
porting food material at this season are 
females which have young in lodge or 
bank burrow ... they are quite likely 
to be somewhat uneasy when afield, so 
long as their young are small, and there- 
fore carry more or less of their food to 
the den entrance or its immediate vicin- 
ity before eating it. Then, too, the 
muskrat ...is not given to extensive 
or prolonged daylight activity. But the 
desire for food comes now and then 
through the day, when individuals ven- 
ture forth to ‘rustle a bite,’ but they 
may prefer to eat it in the shelter of 
their doorway . .. Excess of food that 
has been carried into the house when- 
ever the animal eats there cannot prop- 
erly be termed storage.” 

Be that as it may, there is much 
about the accumulation of foods in 
muskrat dens that cannot be so dis- 
missed. In Iowa, fall is a period of con- 
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spicuous food-carrying by stream musk- 
rats; and, with the first frosts, a notable 
acceleration of this type of activity oc- 
curs during which sand bar and mud 
bank growths may not only be cut off 
and carried away but some may also be 
dug out by the roots. It may be con- 
tended that such autumnal gathering 
may be concerned with bedding and 
plugging rather than with food for stor- 
age, but the material certainly may 
later serve as food. Furthermore, from 
both experience and literature, in- 
stances may be cited that suggest, if not 
intent of storage, something akin to it. 

Carter’s (1922:176) description of a 
series of burrows made by Saskatchewan 
muskrats that were said to have moved 
into a habitat in August is instructive: 
“In September the main trench was 
driven a distance of one hundred seven 
feet. At the extreme end a large nest the 
size of a bushel measure was made three 
feet under the ground under the roots of 
a willow. The nest was made of soft 
dry grass and was completed before the 
first of October. ... From the first to 
the twentieth of October four tunnels 
eight inches in depth were driven above 
the high water level parallel with the 
main tunnel and branching from it. 
Digging into these four tunnels showed 
that they averaged a length of twelve 
feet or forty-eight feet in all. These tun- 
nels were packed with tender bulrush 
shoots, sedges, mints, young grass and 
reeds. The bulk of the store was white 
and crisp, and very tightly packed. 
Each of these tunnels was plugged with 
clay at the junction of the main tunnel 
to exclude air. Wherever the tunnel 
tapped a cattle track or other hole the 
same was tightly plugged and the tun- 
nel continued.” 


The most spectacular examples of 
storage that I have run across were re. 
vealed through the digging out or cay. 
ing in of muskrat burrows in or next to 
Iowa cornfields. The burrow systems 
may be stuffed with ear corn, from 
roasting ear stages to fully mature or 
old and mouldy ears. Drainage ditches 
that are dry for weeks at a time except 
for scattered puddles, tile entrances 
with water barely trickling out of them, 
culverts, etc., may have corn strewn 
outside or buried or partially buried in 
the dirt of diggings; complete ears, 
husked ears, cobs, stalks, and leaves 
may be used for plugging, or choice 
ears—sometimes a bushel or more in a 
place—may be jammed into blind bur- 
rows and odd corners and into the drain 
tiles, themselves. 

Under these conditions, corn-storing 
muskrats may winter at high densities 
and with so much security that they do 
not have to emerge from very restricted 
subsurface retreats in cold weather. The 
greater part of a local ditch population 
was concentrated by November in a set 
of burrows having scarcely enough wa- 
ter to cover the entrance; trappers later 
took about 20 muskrats from here and 
saved for me the carcasses, which 
proved to be in excellent flesh. Another 
trapper caught a similar number from 
the vicinity of a broken tile about 100 
yards inside a corn field, where leakage 
had formed a pool about four feet deep 
and eight feet across; I examined these 
burrows in the spring after a farmer had 
dug them out and repaired the tile to 
discourage the muskrats from living 
where they had done so much damage, 
and the quantity of corn exposed illus- 
trated the adaptive—if economically 
costly—enterprise of the occupants. 
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Lodges of dirt and corn debris may also 
be built in corn fields and stocked with 
ear corn, and corn shocks may be taken 
over and remodelled, but neither seem 
muskrat-habitable all winter from Iowa 


northward. 


DIFFERENCES IN Foop SuPPLY AND 
INFLUENCE UPON POPULATION 
DENSITIES OF MusSKRATS 


Winter food crises in dry or nearly 
dry habitats may be accompanied by 
mortality or egress (which in the end is 
often synonymous with mortality) of 
practically entire local populations (Er- 
rington 1939a), and muskrats else- 
where may die in large numbers when, 
for sundry reasons, their foods may be- 
come exhausted or inaccessible. It is 
true that such drastic losses must not be 
charged too readily to hunger alone, 
but the fact does remain that an ade- 
quate food supply may mean the differ- 
ence between strong and poor survival. 

But, regardless of that may happen 
during droughts or when shallow 
marshes or muddy potholes freeze far 
into the bottom in the Canadian North 
(Seton, 1929:592) or on the plains of 
western South Dakota (Errington, 
1939a:184), the usual low densities of 
Iowa muskrats that somehow escape 
being taken for fur have little trouble 
finding ‘“‘next best” foods in the absence 
or unavailability of favorites. The die- 
tary sequence of wintering muskrats 
may descend from corn, cat-tail, or 
bulrush to grass, willow, and flesh, then 
down the scale of palatability and sus- 


* Nor should it be assumed that heavy 
wintering losses are necessarily linked with 
food shortage in any form, especially in view 
of the possible role of epizootics, floods, etc., 
as destructive agencies. 


tenance to dry weeds, corn cobs, and 
debris, or to mixtures of these with di- 
minishing proportions of the better 
quality foods—still without necessarily 
any measurable influence upon survival 
rates of low-density populations. 
Though the survival rates of well-fed 
and poorly fed wintering populations 
may be similar, it must not be inferred 
that the two enter the spring breeding 
season on a basis of equality. The reader 
consulting Errington, 1939b, may see 
that the testes of 195 young males of the 
year taken on Round Lake, northwest- 
ern Iowa, in November and December, 
1936-38, averaged 8.1X5X3.7 mm., 
with the testes of 14 individuals or 8% 
reaching or exceeding 10 mm. in length 
and the greatest testis measurements 
being 12X9X5 mm. Most of these ani- 
mals were caught in the first week of 
December; none, after the middle of the 
month. In 1939, we obtained, during 
the last few days of December, 97 young 
males of the year; and, of these, 63 or 
65% had testes reaching or exceeding 
10 mm. in length and 28 or 29% had 
testes reaching or exceeding 12 mm. in 
length; for the latter 28, the testis meas- 
urements averaged 13.9X8X5.7 mm. 
and the dimensions of the two largest 
sets of testes were 18X12X7.5 and 
17X11X8 mm. From Cheever Lake, a 
marsh about 15 miles distant that had a 
food supply noticeably inferior to that 
of Round Lake (but by no means a very 
poor one), 46 males born in the last 
breeding season were taken for examina- 
tion during the first week of January, 
1940; most of the specimens had sur- 
plus fat on their bodies, but their testes 
were in about the same stage of ad- 
vancement to be expected of the Round 
Lake immature a month earlier—only 
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five or 11% had testes 10 mm. or more 
in length, and the largest testis meas- 
ured 11X6.5X5.5 mm. 

Backwardness in priming of pelts of 
young of the year has had, in animals I 
have handled, an apparent correlation 
with backwardness in development 
otherwise. Notes dated the winter of 
1921-22 relating to about 320 muskrats 
caught personally for fur, principally in 
Brookings County, South Dakota, state 
that the pelts from the Big Sioux River 
become prime about a month later than 
the pelts from the Oakwood and Teton- 
keha marshes. This difference seems at- 
tributable to the richer food of the 
marsh muskrats compared to the diet 
of those of the Big Sioux River in which, 
as previously remarked in this paper, 
frogs and mussels tended to be promi- 
nent. The pelts from open water lakes 
were also behind the priming schedule 
of the marsh furs. The condition of 
nearly 200 marsh and lake muskrats 
trapped in the Tetonkeha area the win- 
ter of 1922-23 and of about 130 more 
taken in December, 1923, supported 
this conclusion. Finally, my December, 
1924, catch of 149 pelts from creek-bed 
potholes of Haakon County, western 
South Dakota, was of very inferior 
quality; this was in part due to the 
wounds of intraspecific strife, but the 
potholes had also been short of food 
(Errington, 1939a:174-175). 

Irrespective of retardation through 
inadequacies of winter diet of the rate 
at which young muskrats mature and 
the possible effect thereof in retarding 
the breeding season of individuals, it is 
not plain that this type of undernour- 
ishment is of adverse significance to the 
annual recovery of muskrat popula- 
tions. So far, it does not seem to me that 


the Iowa data indicate that the net in. 
crease from breeding stock is affected by 
a month’s delay at the beginning of the 
breeding season. In the northwestern 
part of the state, the first young are 
born in the latter half of April, but June 
is the peak month, and, whether breed- 
ing starts early or fairly late, the majori- 
ty of females give birth to two or three 
litters at intervals of about a month and 
then stop (Errington, 1937b). 

The question comes to mind whether 
the widely quoted statement by Lantz 
(1923:6-7), ‘“‘The early spring litters 
are usually less in number, and those of 
midsummer are somewhat above the 
average,’”’ may not perhaps be a reflec- 
tion of winter food shortage. The fol- 
lowing Iowa data may be of interest, 
however much the representativeness of 
the smaller samples may be open to 
doubt. Two of 164 evidently complete 
litters examined recently after birth (or 
in utero in a few cases) were born in the 
second half of April and averaged 4.5 
young; 26 litters born or due in the first 
half of May averaged 6.9 young; 31 lit- 
ters, second half of May, 7.0 young; 36 
litters, first half of June, 6.3 young; 30 
litters, second half of June, 6.8 young; 
25 litters, first half of July, 6.4 young; 8 
litters, second half of July, 6.1 young; 4 
litters, first half of August, 6.5 young; 
and 2 litters, second half of August, 8.5 
young. 

Precocious young may attain in their 
fourth month the size of some adults 
(Errington, 1939b:476), and the well- 
fed may grow and mature more rapidly 
than the underfed, but it does not fol- 
low that superiority of food supply ac- 
celerates the development of early-born 
Iowa young to the extent that these 
may breed in the calendar year of theif 
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birth. Even the most sexually advanced 
young of the year among our hundreds 
of specimens—including individuals 
previously tagged at known ages (Er- 
rington and Errington, 1937)—showed 
little sign of approaching maturity be- 
fore their eighth month (Errington, 
1939b:477), by which time it was win- 
ter, or long after the breeding season 
(Errington, 1937b, and unpublished). 
As will be demonstrated in a later pa- 
per, the ratios between numbers of 
muskrats born and the numbers actu- 
ally raised to adult or subadult sizes 
may differ a great deal, but it is prob- 
ably no coincidence that the highest 
Iowa rates of increase were recorded 
from the best fed of otherwise compa- 
rable populations. Post-breeding data 
from areas in which unusual losses of 
adults or population movements have 
not introduced serious variables indi- 
cate that late fall and early winter ra- 
tios of one adult female bearing recent 
placental scars to about 10 young of the 
year may be expected on small pasture 
or woodland watercourses that had 
spring breeding densities of three to six 
pairs (or equivalent of pairs) per mile. 
When such watercourses are bordered 
by corn fields, similar breeding densities 
may be productive of nearly twice as 
many young raised by fall. Thirty-nine 
carcasses of muskrats taken in Novem- 
ber, 1937, from a drainage ditch that in- 
tersected cornfields along practically its 
whole observed length gave a ratio of 
one adult female to 17 young of the 
year, and, of 25 animals trapped in 
November, 1938, all were young of the 
year except one adult female; these 
samples are too small to be more than 
indicative statistically, but, considered 
together, they give 3 adult females for 


58 young raised or a ratio of about 
1:19. 

The greater productivity of excep- 
tionally well-fed populations appears 
partially explainable in terms of les- 
sened intraspecific strife. Allowing for 
5% of the mature females examined 
that did not seem to have conceived 
during their first breeding season (Er- 
rington, 1940, and unpublished), an 
average of 19 young attaining subadult 
size per adult female means that breed- 
ing females would each have to give 
birth to three and sometimes four litters 
—a concept in keeping with the evi- 
dence from placental scars and obser- 
vations on isolated or distinguishable 
pairs. In addition, the preponderance of 
the young would either have to be born 
in habitats so favorable to them that 
they could avoid the attacks of older 
animals, or under circumstances con- 
ducive to a high degree of tolerance of 
adults toward weaned offspring (see 
Errington, 1939b:473-474, for a ré- 
sumé of this phase of family relation- 
ships). The contrast between the non- 
lethal crowding that may occur in corn- 
fed ditch populations and the virtual 
slaughter of the immature that may 
characterize like muskrat densities in 
some other places is at least suggestive. 

Food resources may in other ways 
have a psychic influence upon popula- 
tion levels of muskrats. Following the 
spring dispersal (Errington, 1940), 
breeding densities along stretches of 
small Iowa streams intersecting corn 
fields may run six to eight pairs per mile 
during seasons when densities may be 
only about half as high along stretches 
of the same streams not having such at- 
tractive food. Stearns, MacCreary, and 
Daigh (1939) report that the movement 








88 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 5, No. 1, JANuARY 1941 


of the muskrat population from the 
ditched to the unditched parts of an ex- 
perimental marsh in Delaware was cor- 
related with the disappearance of the 
choice food plant, Scirpus olneyi. And, 
of course, many local adjustments to 
differences in the food supply may be 
expected of individuals living within the 
confines of their original or gradually 
extended home ranges (Errington 
1939a) or in connection with the drift- 
ing of the immature that may take place 
in late summer and early fall—a period 
of minimal friction in muskrat popula- 
tions (Errington, 1940). 


Discussion 


That food can be, in a sense, a limit- 
ing factor for muskrats is patent when 
one considers that the proximity or re- 
moteness of corn fields made a four-fold 
difference in net productivity of small 
stream units under observation. Not 
only was the environment that was bet- 
ter supplied with food occupied by 
about twice as many breeding animals, 
but the season’s increase was also about 
twice as great per breeding female. Yet 
when one considers the dietary toler- 
ances of the species and the frequent 
underpopulating of range due to human 
exploitation and hazards unrelated to 
food, we seem to have few definite 
standards by which critical food thresh- 
olds may be recognized and appraised. 


SUMMARY 


The muskrat may be selective or 
highly indiscriminate in its feeding, de- 
pending upon opportunities and neces- 
sity, individual tastes and habits, and 
what may perhaps be termed local cus- 
tom. Certain foods as ear corn and root- 
stocks of cat-tails and bulrushes may be 


both preferred and of superior quality; 
most green vegetation is more or less 
adequate as food in warm weather, and 
populations may winter on dry grass 
and weeds and cold-blooded prey as 
frogs, fishes, and mussels; very harsh 
and innutritious fare, including com 
cobs, rotting vegetation, and wood, may 
also be the principal diet of some ani- 
mals for varying lengths of time in win- 
ter and spring. Because of this versa- 
tility in food utilization, muskrats of 
the agricultural north-central region 
are not often subject to rapid or out- 
right starvation. Shortage or unayail- 
ability of food in combination with win- 
ter vicissitides, however, may on occa- 
sion result in decimation over wide 
areas, but the check that food def- 
ciencies impose upon muskrat popula- 
tions appears to be mainly indirect and, 
to at least some extent, psychological. 
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DEER MANAGEMENT SUGGESTIONS FOR 
NORTHERN WHITE CEDAR TYPES! 


Shaler E. Aldous 


Northern white cedar (Thuja occi- 
dentalis), from a palatability and nutri- 
tional rating, is the most important win- 
ter browse for white-tailed deer in the 
Lake States region. The supply has 
been gradually reduced through the 
combined effects of heavy deer con- 
sumption, fires, and logging operations 
until at present many areas, once cov- 
ered by this species, are entirely devoid 
of it and others have stands with the 
browse line so high that this food is no 
longer available to the deer. Wherever 
these animals are present in large num- 
bers, cedar reproduction is scarce or 
lacking. Because of the important place 
of white cedar in a deer management 
program, research on the ecology of the 
plant and its utilization by deer is much 
needed. 

Where deer concentrate during hard 
winters they consume available foods 
to such an extent that without feeding 
by man large numbers die of causes as- 
sociated with undernourishment. Ca- 
tering has never been wholly satisfac- 
tory due to its cost and to the reluctance 
of deer to eat new foods, and the diffi- 
culty of placing the food where it is 
most needed. The best and only com- 
plete solution to the winter overpopula- 
tion problem is reduction of the deer 
herd to numbers commensurate with 
the browse supply. This, however, is not 
always immediately possible due to 

1 Assistance in the preparation of this ma- 
terial was furnished by the personnel of Work 
Projects Administration, Official Project 
665-71-3-69, Sponsor—University of Minne- 
sota, and O. P. 01-2-71-126, Sponsor—Lake 
States Forest Experiment Station. 
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legislative difficulties, public sentiment, 
and to poor condition of the animals for 
utilization when the emergency is f.- 
nally recognized. In cases of unforeseen 
starvation it is desirable to try to alleyi- 
ate it by supplemental feeding until 
fundamentally corrective measures can 
be put into effect. 

One method of meeting winter food 
shortage in the Lake States is to prune 
browse plants for the benefit of the deer 
or carry on logging operations, the tops 
and slash resulting from which will sup- 
port the animals. These practices have 
the advantages over feeding of being 
cheaper and of immediate utility; more- 
over, the deer need not be educated to 
eating the rations provided. 

With the purpose of learning more re- 
garding the quantities of food made 
available by cutting operations, some 
experiments were carried out at Dukes, 
Michigan.? White cedar trees of various 
d.b.h. classes were felled and their entire 
leafy portions clipped off and weighed. 
The curve in Figure 1 based upon these 
data can be used to determine approxi- 
mately the yield of deer browse in 
pounds by white cedar trees of various 
sizes when the entire trees are made 
available to the animals. The curve in 
Figure 2 shows the trend of food quan- 
tities from these same d.b.h. classes 
available on unbrowsed trees within 
seven feet of the ground, or that which 
can be gleaned by the deer from stand- 


2 These clipping experiments were con- 
ducted with the aid of John Neetzel of the 
Lake States Forest Experiment Station, CCC 
foreman Walter Zillgitt, and enrollees from 
the local CCC camp. 
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ing trees. The data from which this 
curve was drawn, showed some varia- 
bility in the amount of self-pruning of 
individual trees due to the degree of 
crown competition, but the curve very 
accurately illustrates the progress of 
self-pruning. 

In areas where a definite deer line ex- 
ists, the amount of browse to be ex- 
pected from felled trees would be that 
read from Curve 1 minus the amount 
shown by Curve 2 for the same d.b.h. 
The amount of browse present in young 
cedar stands can be determined by ap- 
plying Curve 2 to a survey of the stand. 

It is evident that where logging oper- 
ations are being conducted it is possible 
to compute roughly the poundage of 
deer browse that will be made available 
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Fig. 1. Curve for computing the pounds of 


leafy browse produced by northern white 
cedar trees of various sizes. 


during the winter cutting period. Dav- 
enport (1) has determined that it takes 
four and one-half pounds of white cedar 
browse per day on the average, to main- 
tain a deer in good condition. However, 
this does not mean that a deer will not 





eat more than this if opportunity affords 
or that other foods are not eaten when 
plenty of cedar is available. 

In “‘yards” not affected by lumbering 
but where a food shortage occurs, it 
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Fig. 2. Curve for computing the pounds 
of leafy browse available within seven feet 
of the ground on northern white cedar trees 
that have not previously been subjected to 
browsing. 


may be desirable to cut cedars expressly . 
for deer use. A man equipped with a 
saw and an axe can cover a large area in 
a day, cutting trees and lopping off 
branches. 

With fair knowledge of the deer num- 
bers the operator can decide how much 
to cut, by applying the information in 
Figures 1 and 2 in connection with 
Davenport’s estimate. So far as possi- 
ble, leaning, distorted, or defective trees 
should be selected for cutting—a prac- 
tice that will improve conditions for the 
remaining timber and sometimes make 
openings in the canopy sufficient to 
stimulate the growth of brush that will 
supplement the deer browse supply in 
years to come. 

A practice suggested for use in cedar 
yards where logging is not in operation 
is during critical periods to make selec- 
tive cuttings of trees over the entire 
deer concentration area. First the de- 
fective and deformed trees could be re- 
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moved and later more thrifty individ- 
uals. As the trees are cut the branches 
can be trimmed and scattered for the 
deer and the trunks peeled. The poles 
can then be piled off the ground to ac- 
cumulate until the quantity or price 
justifies their removal. The decay-re- 
sisting quality of this species makes it 
particularly adaptable to the, proposed 
practice. Even distribution of cutting 
over the entire yard would not be so de- 
sirable as a pattern of cutting which at 
the end of 3 to 5 seasons would leave 
small clearings scattered throughout 
the area. Their number should be in 
proportion to the severity of the food 
shortage. These plots, to be selectively 
and gradually cleared, should be from 
one-eighth to one-fourth acre in size and 
spaced one-fourth to one-half mile 
apart. They should provide food easily 
within the cruising radius of all deer in 
the yard and eventually form a pattern 
of openings, new growth in which would 
greatly supplement the amount of 
brush browse and where cedar might 
reproduce if the deer were reduced suffi- 
ciently to protect it. This cutting pat- 
tern would also create ideal places for 
other forest wildlife by increasing bor- 
ders without sacrificing essential cover. 
After the first pattern of openings is 
completed, another could be under- 
taken thus establishing a rotation that 
would supply supplemental feed when 
needed over a long period of time. 

In some deer concentration swamps it 
might be desirable to use the system 
outlined to the exclusion of all regular 
logging operations. From the wildlife 
management point of view, the chief 
objection to present methods is that 
the accumulation of deer food is so 
great that it may be only partially 
utilized in winter. It is also completely 


wasted during the warmer months, 

If deer were given priority in usage of 
all winter concentration areas, the prac. 
tice of supplemental feeding by cutting 
could be made an important phase of 
deer management, while the number of 
the animals was being reduced to a 
point that would create a better balance 
between the food supply and their 
needs. Where these areas are not too far 
from roads, the log, pole, and post prod- 
ucts could be removed with a profit 
sufficient to defray all the costs of cut- 
ting and peeling. 


WHITE CEDAR SPRAYS FOR THE 
FLoRAL MARKET 


The use of white cedar sprays for 
floral pieces has been developing during 
the past few years until at present it is 
an important industry in some sections. 
One florist in the Upper Peninsula of 
Michigan ships from 50 to 100 tons of 
such sprays to the Chicago and Mil- 
waukee markets annually. He estimates 
that these two markets use from 1,000 
to 1,500 tons of white cedar each year. 
The price varies with supply and de- 
mand but is usually around $20.00 per 
ton. Most of the sprays are obtained 
from the smaller trees (up to about 10 
feet high) because they are productive 
and the sprays are easy to gather. How- 
ever, larger trees, cut during logging 
operations, could also be usedasa source 
of this material. 

In the course of the study here re- 
ported a large quantity of sprays was 
gathered and clipped of their leafy 
parts, with the hope of determining how 
much effect this industry might have on 
the potential deer food supply. It was 
found that 89 per cent of the total 
spray weight was suitable deer browse. 
In other words, each ton of spray ma- 
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terial contained 1,780 pounds of poten- 
tial deer food. 

At first thought, it might thus be as- 
sumed that the marketing of decorative 
sprays might result in serious depletion 
of the deer food supply, but there are a 
few factors opposed to that view: 1, 
Trees producing sprays suitable for the 
floral market are in areas where the deer 
population is low, otherwise the deer 
would already have had the trees well 
browsed; 2, Even though the removal 
of sprays reduces the potential deer 
food supply, there is a chance that the 
areas from which they are harvested 
will be grown up and self-pruned before 
deer become numerous in them. Hence 
the wildlife manager will agree that any 
profit that can be derived from the land 
without serious interference with other 
uses is justified; 3, Considerable spray 
material is available from trees cut dur- 
ing logging operations and, unless deer 
are present in large numbers, the spray 
industry will scarcely menace their wel- 
fare. 

A good policy to follow with respect 
to this problem would be to advocate: 
(1) The taking of spray material in con- 
nection with logging operations where 
it does not deprive existing deer con- 
centrations of needed food, and (2) ex- 
empting from spray harvesting all 
swamps that are likely to be inhabited 
by moderate numbers of deer within 
five years. That probability can be de- 
termined from the proximity of deer 
concentrations at the present time. 


BROWSE SUPPLY FROM 
Youne STAnpDs 


In 1938 studies were started to deter- 
mine the degree of browsing that white 
cedar will endure and still maintain a 
sustained yield. This figure has not been 


definitely established, but after two sea- 
sons of clipping, the data indicate that 
these plants will not maintain their out- 
put of browse if more than about 25 per 
cent of the foliage is removed annually. 
In the case of larger trees where clipping 
was done up to seven feet above the 
ground it was found that the browse 
production was reduced annually almost 
equal to the quantity removed. In other 
words, regeneration of branches in trees 
two inches or greater in d.b.h. is almost 
entirely above the seven-foot line and 
removal of leafy portions below that 
height merely hastens denudation by 
self-pruning. Because of lower branch 
abscission in the larger trees, those up to 
about 10 feet high are potentially the 
best browse producers because their 
new growth occurs within reach of the 
deer. In trees taller than 10 feet, 
the present browse supply is greater 
(Figs. 1 and 2) for entire individual 
trees that must be felled for it to be 
utilized. The quantity of browse, ob- 
tainable from them while standing dis- 
tributed over several seasons on an 
acreage basis does not equal that avail- 
able from the smaller trees. The carry- 
ing capacity of the latter is greater be- 
cause of the higher number of stems per 
acre. Under actual field conditions now 
prevailing in the Lake States, the differ- 
ence, however, is not great. To illus- 
trate this, a hypothetical case may be 
used. Gevorkiantz and Duerr (2) esti- 
mate a fully-stocked stand of seven- 
foot trees in the 45 site index class at 
32,200 per acre, whereas 15-foot trees in 
the same class have been thinned nat- 
urally to 5,340 trees. Such trees have 
an average d.b.h. of 0.5 and 2.2 inches 
respectively. Because such heavy stands 
are uncommon and would have indi- 
vidual crowns much smaller than those 
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in thinner stands, a quarter-stocked 
stand is more comparable to the trees 
from which the data were drawn and to 
those on most of the areas now harbor- 
ing cedar growth. Therefore, any appli- 
cation of the curves must be made with 
the understanding that it will not give 
an accurate estimate of available browse 
where the density of trees is so great as 
to prevent normal expansion of the 
crowns. Applying the curve in Figure 2 
to one-fourth stocked stands, of the two 
age classes postulated shows that an 
acre of seven-foot trees should produce 
5,635 pounds, and one of 15-foot trees 
will produce 5,663 pounds of browse 
within reach of deer. The figure for the 
taller trees represents practically all 
the browse that they will produce even 
if it is utilized only slowly over sev- 
eral seasons. The smaller trees, however 
in time will regenerate enough new leafy 
parts to supplement greatly the present 
amount providing browsing is under 25 
per cent annually. 

A depressing fact is, however, that we 
have only a small acreage of white cedar 
under 15 feet high, most of the growth 
is of the type in which the browse sup- 
ply is not large and the trees are beyond 
the stage where much new growth in 
reach of deer can be expected. 

What the future has in store for the 
cedar-deer relationship we can only sur- 
mise. On the surface it appears that the 
deer will have to subsist without cedar 
or with small quantities of it. In areas 
where deer are scarce, however, there is 
promise of a new crop of cedar. In such 
places lie our hopes for the support of 
deer concentration in the future. A few 
such places are known and they demon- 
strate clearly the influence of deer on 
white cedar. Small stands of cedar re- 


production adjacent to towns in the 
northern parts of the Lake States show 
that the tree will reproduce and thrive 
where deer are kept away. There seem 
to be only three alternatives in the soly- 
tion of this problem: 1, Protect cedar by 
deer-proof fences; 2, reduce the deer 
herd; and 3, let nature take its course, 
With the last policy cedar may disap- 
pear from certain stands. Suggestion 
number one is too expensive to be ap- 
plied to anything but experimental 
areas; number two is at present quite 
impossible due to public sentiment and 
other factors. The third method is the 
easiest way out and if other methods are 
not invoked it will proceed as it has for 
many years. 

It is not the intent of the author to 
give the impression that white cedar is 
the key species to the existence of deer 
in the Lake States. It is an important 
species but there are many places in the 
Lake States where the deer thrive with 
little or none of this food. Since, how- 
ever, it is such a desirable deer food spe- 
cies as well as a valuable timber tree, 
everything possible should be done to 
maintain it in our forests. 
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METHODS OF INCREASING DEER BROWSE! 
Laurits W. Krefting 


In the voluminous literature on over- 
browsing by deer there has been little 
consideration of methods of increasing 
the food supply. The purpose of the 
present study was to determine how to 
increase the amount of browse by meth- 
ods inducing sprouting and to evaluate 
the practicability of such methods. In 
several deer yards in the Superior Na- 
tional Forest, northeastern Minnesota, 
the area in which this study was con- 
ducted, overbrowsing is widespread and 
presents a major problem for foresters 
and game managers. Hill (1938) has 
summarized conditions on this forest by 
stating that 12,000 deer die every win- 
ter from malnutrition while only 4,000 
are taken by hunters during the open 
season. 

In other parts of Minnesota, particu- 
larly in Itasca State Park, browsing 
conditions are similar; Swanson (1936) 
has pointed out that the high popula- 
tion of deer in the Park has destroyed 
the forest to such an extent that the 
deer herd itself has greatly suffered. 
Clepper (1936) in Pennsylvania con- 
cluded that “orderly and planned im- 
provement cutting will unquestionably 
accomplish two desired results: (1) It 
will permit an increase up to 50 per 
cent on all deer areas when the herd 
is not grossly overstocked; and (2) it 
will permit better nourished herds than 
the untreated forest can ever support.” 

Two deer yards, the Onion Moun- 
tain and the Jonvick, located along the 

1 Paper No. 1,791 Scientific Journal Series, 


Minnesota Agricultural Experiment Station, 
St. Paul. 
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north shore of Lake Superior were in- 
cluded in the present study. Attractive 
winter cover and favorable local weath- 
er, tempered by the lake, have appar- 
ently served to attract deer into these 
yards. 

It is generally believed by most in- 
vestigators also that both logging and 
fires, by creating desirable shrub types 
and second growth timber, have at- 
tracted deer into this section. Shiras 
(1921), writing of the wildlife of Lake 
Superior states that the white-tailed 
deer was unknown along the north 
shore in 1870. 

The tree cover in these yards was 
made up of a mixture of pole-size white 
cedar (Thuja occidentalis), balsam fir 
(Abies balsamea), paper birch (Betula 
papyrifera), and black spruce (Picea 
mariana) in the over-story. In the un- 
der-story, balsam fir was most abun- 
dant but a good deal of white cedar, pa- 
per birch, black spruce, and trembling 
aspen (Populus tremuloides) also were 
present. 

Of the shrub species, mountain maple 
(Acer spicatum) was the most abundant 
and important. There was also consid- 
erable beaked hazel (Corylus cornuta), 
willow (Salix sp.), speckled alder (Alnus 
incana), red-osier dogwood (Cornus sto- 
lonifera), and honeysuckle (Lonicera 
canadensis) which varied in abundance 
within the two yards. 

The two methods of cutting to induce 
sprouting that were experimented with 
in this study will be referred to as the 
“oround-line”’ and “snow-line”’ meth- 
ods. The ground-line method consisted 
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of simply making the cutting next to 
the ground level while with the snow- 
line method, the cutting was made at 
snow level in midwinter and averaged 
about 3 feet in height depending on the 
depth of snow. Both methods were 
limited to species that would sprout 
and, therefore, all conifers were ex- 
cluded. The trees cut were trembling 
aspen and paper birch, and the shrubs 
were mountain maple, beaked hazel, 
red-osier dogwood, and honeysuckle. 

A total of 28 browse-study plots was 
established for experimental work and 
both methods of cutting were applied, 
in connection with emergency feeding 
at the Onion Mountain yard in the win- 
ters of 1935-36 and 1936-37 and at the 
Jonvick yard in the winter of 1936-37. 

To facilitate comparison of the pro- 
ductivity of sprouts under the two 
methods, the annual growth was clipped 
from treated and untreated samples 
after the 1937 growing season. Each 
sample of browse clipped was given a 
number, weighed to the nearest tenth of 
a gram and later the average length of 
growth in inches was determined. Only 
the annual growth within the belt of 
availability to deer, which was between 
the ground level and 7 feet, was con- 
sidered. The stump diameters of the 
trees were measured and an effort was 
made to correlate the production of 
sprout growth with the diameter of the 
stump. 


ReEsvutts or Currina 
TREATMENT 


Trembling Aspen. An analysis of the 
findings shows that trembling aspen 
sprouts profusely the first growing sea- 
son following cutting. Due largely to 
rapid diameter and height growth most 


of the browse soon gets beyond reach of 
the deer. While less than one per cent 
of the sprouts grew out of reach the first - 
growing season, at the end of 3 year” 
only a very low percentage remained 
within reach. With the increased age of 
the sprouts the number of stems of | 
browse also increased but they were” 
smaller in size. Cook (1939) found that 
clear cutting aspen, grey birch, and red 
maple resulted in sprouts that are often | 
3 feet tall the first season; yet in 3-4 
years there was little browse within 
reach. 4 

Browse surveys and findings by Ald-* 
ous (1938) indicate that trembling as- 7 
pen is important primarily as an early © 
fall food. Deer browsing has been light” 
on all ages of aspen sprouts and this 7 
may have been in part responsible for 
the rapid growth. Contrary to general © 
opinion, however, Mann (1933) found 
that moderate browsing of aspen sprouts © 
actually stimulated better growth. 

It should be emphasized that the” 
findings of this study point out the im-” 
practicability both from a deer-utiliza-” 
tion, and a cost, standpoint of treating = 
trembling aspen to increase sprouting” 
although this may not prove true im’ 
other localities. Julander (1937) con 
siders aspen a key species on the sum- 
mer rangein the Kaibab National Forest. 

Paper Birch. Experimental results its) 
dicate that paper birch sprouts vigor 
ously the first season but to a lesser dé 
gree than trembling aspen. It surpassed | 
aspen in number of sprouts but not 0m 
an average weight or growth basig. 
There was no correlation betweei) 
stump diameter and quantity of sprout 
growth produced. As with aspen the) 
paper birch is probably of greatest im) 
portance as an early fall food. 
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A. (Upper left)—Untreated mountain maple, Jonvick Yard, May 1938. 

B. (Upper right)—Growth of mountain maple cut at the ground line, Jonvick Yard, 
December 1937. 

C. (Lower left)—Growth of mountain maple cut at the snow line, Jonvick Yard, December 
1937. 

D. (Lower right)—Growth of mountain maple cut at the snow line (3 years after treat- 
ment), Onion Mountain Yard, December 1937. 














Bee 
the re 
it has 
tunat 
treat 


opera 
yard. 
presel 
quent 
Probs 
treati 
prodt 
hazel 
walTa 
those 
soure! 

Ho 
to sp! 
ble bi 
yardi 
samp. 
the a 
minin 
induc 
the a 
large 
was n 
isfact 
amou 
to re 
other 
too d 
spect 

Re 
study 
wood 
at th 
ment 
treml 
amou 
avera 
fortw 
comn 
have 











METHODS OF INCREASING DEER BRowsE—Krefting 97 


Beaked Hazel. It was apparent from 
the results of cutting beaked hazel that 
it has marked ability to sprout. Unfor- 
tunately only the snow-line method of 
treatment was applied during feeding 
operations at the Onion Mountain 
yard and there was none of the species 
present at the Jonvick yard; conse- 
quently the findings are incomplete. 
Probably the ground-line method of 
treatment would have resulted in the 
production of more browse. Beaked 
hazel sprouts in sufficient amount to 
warrant further study, especially in 
those yards where it is an important 
source of browse. 

Honeysuckle. Honeysuckle was found 
to sprout well and to furnish considera- 
ble browse during the early part of the 
yarding period. Most of the untreated 
samples were browsed so severely that 
the annual growth was reduced to a 
minimum. Cutting at the ground-line 
induced a sprout growth that increased 
the annual production of browse by a 
large amount. However, this species 
was neither common enough nor of sat- 
isfactory height to supply a very large 
amount of late winter browse. It tended 
to reduce the amount of browsing on 
other species before the snow became 
too deep and was important in that re- 
spect. 

Red-osier Dogwood. The results of the 
study have shown that red-osier dog- 
wood sprouts profusely and that cutting 
at the ground-line was the best treat- 
ment. With the single exception of 
trembling aspen, it provided the largest 
amount of sprout growth on both an 
average weight and a length basis. Un- 
fortunately this species was not as 
common as mountain maple or it could 
have been regarded of equal importance. 


It is apparently a preferred food since 
it suffered severe browsing in practi- 
ally every instance. 

Mountain Maple. The experimental 
work with this species shows that at the 
present time it undoubtedly furnishes 
the greatest bulk of winter food in both 
yards. Over-browsing of white cedar has 
forced the deer herd to resort to moun- 
tain maple and balsam fir. In spite of 
the abundance of this maple, deer 
browsing has been so severe in many in- 
stances that the annual growth has been 
seriously reduced. 

The snow-line treatment was applied 
in 1935 and 1937, while the ground- 
line method was used only in 1937. 
Plate 3—-A represents a clump of moun- 
tain maple before treatment while 
Plate 3-B and C illustrate the sprout 
growth produced by the two methods of 
cutting after the first growing season. 
The amount of sprout growth 3 years 
after treatment by the snow-line meth- 
od is illustrated by Plate 3-D. 

Of the two methods of cutting moun- 
tain maple, the ground-line method re- 
sulted in the production of the largest 
amount of browse the first year. On the 
basis of the findings in this study, it is 
concluded that mountain maple is bet- 
ter adapted to cutting treatment than 
any of the other species tested. Both the 
snow-line and ground-line methods of 
treatment can be applied satisfactorily. 
The former method can be used to bet- 
ter advantage to feed the deer in winter 
while the latter treatment must be ap- 
plied in the spring before the growing 
season starts. Red-osier dogwood showed 
the best growth on a weight and length 
basis, but it was not as important a 
browse plant as mountain maple, first, 
because it was not common enough in 
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both yards and second because it lacked 
sufficient height to provide plentiful 
browse during the critical period. 

In measuring the height of the tallest 
browse in September, 1939, for plants 
treated by the snow-line method in 1937 
(based on 100 samples), it was found 
that a very insignificant amount had 
grown out of reach of the deer. New 
sprouts had grown from the root-collar 
and there was much lateral branching 
by the sprouts over the 3-growing-sea- 
son period. Similar samples treated by 
this method in 1935 showed that ap- 
proximately 75 per cent of the browse 
was within reach in 1939. Since these 
sample plots were very lightly browsed, 
it appears that heavier cropping may 
have kept more browse within reach 
over the 5-year period. Pearce (1937) 
who conducted studies with maples 
found that those 12 to 14 years of age 
were only 3 to 4 feet high when heavily 
browsed. Ordinarily these sprouts would 
grow out of reach of deer in from 5 to 8 
years. 

Plants treated by the ground-line 
method in 1937 and measured in Sep- 
tember, 1939, for height of tallest 
browse (based on 100 samples) also 
showed that no browse had grown out 
of reach. Lateral branching and new 
sprouts from the root-collar appeared 
to have resulted in reduction in height 
growth. 

Before passing to the discussion of the 
practicability of these methods of cut- 
ting the reader may wish to refer to 
Figure 1, a graph that illustrates a sum- 
mary of the growth data for all species 
treated based upon the measurements 
of 40,656 stems. 


PRACTICABILITY OF THE METHODS 
On the basis of the data obtained 


from snow-line cutting at the Onion 
Mountain yard, from 5 to 10 man-days 
were required to treat an acre. Mixed 
stands of trembling aspen and paper 
birch with some speckled alder, which 
ranged from 1 to 3 inches in diameter, 
took 10 man-days per acre. This was 
due partly to the necessity of using 
axes and to the density of stocking 
which averaged 2,000 trees per acre, 
Only 7.5 man-days per acre were used 
to treat mixed types of trembling aspen, 
paper birch, mountain maple, and 
beaked hazel. In this type the amount 
of labor required was less because there 
were fewer trees to be cut and brush 
scythes could be used. Shrub types re- 
quired even fewer man-days because of 
the practicability of using speedier 
tools. In figuring the cost of treatment, 
the usual wage of $1.50 per man-day 
for Civilian Conservation Corps labor 
was used. Since transportation and 
other costs were insignificant they were 
not included. In treating tree types at 
the Onion Mountain yard the cost was 
$15 per acre; for the mixed types it was 
$11.25; and for the shrubs $7.50 per 
acre. At the Jonvick yard both meth- 
ods of treatment were applied in mixed 
shrub types only. Costs were $4.92 per 
acre for the snow-line treatment, and 
$9.00 per acre for the ground-line 
method. 

In evaluating the practicability of 
these methods of cutting on a man-day 
and cost basis, it should be pointed out 
that only 6 hours of work was consid- 
ered a man-day. If it can be assumed 
that the cost of labor was much less 
than average, the costs may be consid- 
ered fairly representative. The writer 
is also of the opinion that these costs 
could be reduced by the use of more ef- 
ficient tools. 











Th 
have ! 
in bre 





MeEtHops oF INcREASING DEER BrowsE—Krefting 99 


Lion 
lays 
xed 
per 
lich 30 
ter, 
_ ue LEGEND 


sing 
cing [] untReaTeD 


cre 
; SNOW LINE 
ised 25 A 


ae. 4 GROUND LINE 
and 
unt 
here 
rush 
3 re- 20 
e of 
dier 
ent, 
day 162 
arbor 
and 15 
vere 
S at 


The growth data already referred to from use of either of the methods tried 
have shown that a considerable increase in this study. The next most important 
in browse production may be expected consideration is how often can, and 
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should, these methods of cutting be ap- 
plied. Since deer populations and food 
and cover conditions vary so widely, 
this question can only be answered for 
a specific area after years of careful ob- 
servation. Trembling aspen was found 
to produce very little available browse 
3 years after cutting, primarily because 
of its fast rate of growth and because 
the plant was utilized very little during 
the critical yarding period. In reference 
to thinnings, Hosley and Ziebarth 
(1932) are of the opinion that browse in 
thinned stands will be available for 
10-15 years while untreated stands 
grow out of reach in 6-10 years. The 
findings of the present study show that 
mountain maple cut at the snow-line 
will continue to produce much browse 5 
years after treatment with light deer 
browsing while that severed at the 
ground-line produces much browse 3 
years after treatment with moderate 
deer browsing. Just what effect these re- 
peated cuttings may exert upon the soil 
and plant succession is not well under- 
stood. Additional kinds of treatment 
such as release cuttings, thinnings, and 
felling mature timber for sale will also 
be necessary in order to obtain the de- 
sired results. At the present time there 
are scattered openings made by past 
logging operations that are occupied by 
dense stands of shrubs. In order to pre- 
vent desirable shrubs from being shaded 
out by the closing of the forest canopy, 
it will be necessary to conduct such sil- 
vicultural operations as those just men- 
tioned. The greatest improvement can 
be obtained however, by cutting moun- 
tain maple that is beyond the reach of 
the deer at the present time: first, be- 
cause it is very common in the deer 
range in northern Minnesota; second, 


because it is a highly preferred browse 
that can withstand severe browsing: 
third, because it sprouts well after 
either method of treatment; and fourth, 
because the cost is justified where there 
are high wintering concentrations of 
deer. 
SpeciFic FINDINGS AND 
CONCLUSIONS 


One of the purposes of this study was 
to determine the production of sprout 
growth of several species of deer browse 
by methods that induce sprouting, 
Briefly the findings were as follows: 


1. Although the amount of browse 
produced by the snow-line and ground- 
line methods of cutting varied consider- 
ably, both methods resulted in increased 
production compared to that of un- 
treated samples. 


2. Red-osier dogwood produced the 
largest amount of browse on a weight 
basis while honeysuckle produced the 
least. 

3. Ona length basis, trembling aspen 
was first (28 inches), red-osier dogwood 
second (19.2 inches), and mountain 
maple third (18.1 inches). 

4. Neither trembling aspen nor paper 
birch are recommended for cutting: first 
because the deer do not utilize their 
sprout growth to any great extent in 
winter; second, because the rate of 
growth is too rapid; and third, because 
cost, considering the results obtained, 
makes treatment impractical. 

5. Mountain maple was the most im- 
portant species treated: first, because it 
was abundant in both deer yards and in 
the deer range in northern Minnesota; 
second, because both methods of treat- 
ment showed that the amount of browse 
could be greatly increased; and third, 
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because most of the browse produced 
still remained available 5 years after 
treatment. 

§. The ground-line method appeared 
to be the best for the reason that a larg- 
er number of species could be included 
and that the sprout growth might re- 
main within reach for a longer time. Ob- 
servations on additional years of growth 
on the experimental plots however, will 
be necessary to prove this point. 

7. For both paper birch and trem. 
bling aspen, no correlation was found 
between the stump diameter and the 
amount of sprout growth produced. 

A second objective of the study was 
to demonstrate the practicability of the 
methods employed to increase deer 
browse. 

Briefly the data showed the follow- 
ing: 

1. The amount of labor required to 
treat an acre varied from 3.28 to 10 man- 
days on a 6-hour-day basis. Variation 
was due to the method of treatment 
used, the species treated, and the den- 
sity of stocking. 

2. Trembling aspen and paper birch 
required the most labor, because of the 
greater density of stocking ‘and because 
of the need of using’ axes. 


3. Shrub types required less labor be- 
cause brush cutters could be used. 


4. About half as much labor was re- 
quired when the snow-line method of 
Increasing deer browse was applied. 


5. Costs ranged from $4.92 an acre in 
shrub types cut at the snow-line to $15 
an acre in tree types cut at the same 
level. 


6. Although the cost of cutting 
mountain maple at the ground-line was 
$9 per acre, it is recommended that fu- 


ture work be centered on this species 
and on this method of increasing deer 
browse in the region concerned. 
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DEVELOPMENT OF A STATEWIDE SYSTEM OF 
COVER-MAPPING APPLICABLE TO MISSOURI 
WILDLIFE RANGE! 


Paul D. Dalke 


The cover-map is a basic aid for the 
student, research worker, and field biol- 
ogist in wildlife management. The de- 
velopment of the technique of making 
anaccurate map of the vegetative types 
ina simple and orderly manner, with a 
minimum waste of time, energy, and 
money should be given serious consid- 
eration as a prerequisite to management 
planning. 

The cover types presented here have 
been worked out from all available 
sources. Steyermark (1935 and 1937) 
has developed in some detail an account 
of the plant associations for the Ozark 
region of Missouri. This information, 
together with other data obtained 
through the U. S. Forest Service and 
the Society of American Foresters 
(1932), as well as that of Shimek (1911), 
constituted the principal sources of ma- 
terial already available. Wight (1934 
and 1938) made use of ecological suc- 
cession as a basis of cover-mapping in 
southern Michigan and has used the 
system for several years. Dalke (1937) 
extended the use of this system to 
southern New England, and others have 
correlated cover-mapping techniques 
with plant succession principles. 

In listing the cover types in the fol- 
lowing outline, the general order of 
plant succession has been preserved. It 


‘Contribution from the Missouri Cooper- 
ative Wildlife Research Unit, Missouri Con- 
servation Commission, University of Mis- 
souri, and U. S. Bureau of Biological Survey 
cooperating. 


has been necessary, however, to com- 
bine certain associations for conven- 
ience in mapping. Many minor associa- 
tions would either be too difficult to 
recognize in the field or would occupy 
such small areas as to be impractical to 
map. Hence the order of naming of the 
various types should not be interpreted 
as the only one in which they occur in 
natural succession. Exceptions can be 
found to almost any grouping. 

It will be noted in the outline that 
certain types are indented, such as Ady, 
A102, etc. These belong to the same as- 
sociation as A5, or Al0, respectively, 
but because of the dominance of single 
species over large areas, they must be 
given the status of types. The climax on 
the upland, as recognized by foresters 
and ecologists, is an oak-hickory com- 
munity. Its composition, however, var- 
ies considerably in the Ozark region. 
Steyermark (1937) recognized several 
climaxes, and these are included in the 
outline, indented to indicate that they 
are variations of the upland climax for- 
est. Limestone areas have climax asso- 
ciations quite different in composition 
from those on other soils. 

For the sake of simplicity in map- 
ping, no attempt was made to include 
grass as a climax type although there 
are some indications in the Ozark re- 
gion, particularly in the southwestern 
part of the state, that grass was once 
the climax vegetation where red cedar 
and oaks now predominate. 

Cover types developing in ponds, 
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lakes, and swamps are relatively unim- 
portant in Missouri but are included for 
the sake of completeness. 

The plant successions found along the 
stream flood-plains occupy relatively 
small areas but are important in wild- 
life management. The various stages in 
the succession are usually sufficiently 
distinct to enable one to recognize the 
types as listed. 


SYMBOLS 


The symbols used are made as brief 
as possible, yet detailed enough to en- 
able one to express the essential charac- 
teristics of a given cover type. Fencerow 
or field border vegetation is designated 
by one, two, or three vertical lines indi- 
cating, respectively, a clear or light, a 
medium, or heavy density. Since the 
restricted area of field border vegeta- 
tion does not permit the practical use of 
cover-type symbols, the vegetation is 
indicated as shrubs, trees, herbaceous, 
or mixed. 

Timber density is shown by one, two, 
or three vertical lines indicating scat- 
tered, medium, or heavy stands and is 
roughly divided into 0-400, 400-800, 
and more than 800 trees per acre. Shrub 
density is conveniently indicated by a 
similar system of horizontal lines. 

Crop symbols are of use primarily 
where an area is to be studied for a pe- 
riod of years and it seems desirable to 
record the rotation of crops in each 
field. The finished cover map, however, 
should indicate only that a field is under 
cultivation by the symbol Ac. Areas 
grazed or browsed are shown by adding 
the letter gr or br to the type symbol 
and a broad classification of the degree 
of grazing or browsing is indicated by 
one, two, or three vertical lines indicat- 
ing light, medium, or heavy use. 


Abandoned fields often seed in with 
such species as sassafras and persimmon 
representing separate types in the clas 
sification. Rather than create a new type 
symbol, the mixture is designated in” 
cover mapping as A6+6:. 

These illustrations are intended only 
to show how the various symbols g 
organized and used in the field. Samples: 
have been selected to illustrate types! 
commonly encountered in cover-maps 
ping. ’ 

The classification presented here does” 
not cover the entire state of Missouri, 
nor is it a final grouping of types. As ad’ 
ditional information is obtained, it may” 
be incorporated with the present out-7 
line. . 


SuGGESTIONS FOR Cover-Mappine © 


Thorough preparation in the offs _ 
the first essential. 

Where available, aerial photogralll 
(Plate 4), either as contact prints or 
mosaics, provide the best and most ac 
curate base maps. Boundaries of farms” 
and such objects as fences, ponds, roads,” 
streams, buildings, and forest cover are” 
accurately shown. With such features’ 
on the base map, the typing of the cover} 
is greatly simplified. 

In the preparation of base maps, trae 
ings are first made of the aerial photo 
graphs. These include all the essential) 
features of the landscape. Where 1 
other use is to be made of the 
photograph, it can be used in the field) 
and the tracing dispensed with. On wi 
life management areas, where data are 
to be collected over a period of years) 
it is best to make the tracing and 
print a number of copies. Intensivé 
work on study areas frequently requi 
numerous maps. 

Where aerial photographs are not 
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) Sea 


Aerial Photograph of an area of 840 acres south of Columbia, Missouri. The wooded area 
including a lake is a portion of the University of Missouri’s Arboretum and Wildlife Manage- 
ment Experimental Area. 

Scale— photographically reduced from 8” to 5” =1 mile. 
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available, U. S. Geological Survey 
topographic sheets, township plats, or 
county road maps can be used. A scale 
of 4” =1 mile has been found to be quite 
practical. The use of aerial photographs, 
however, often requires slightly differ- 
ent scales. Permanent features of the 
landscape not shown on base maps can 
be accurately added by the use of the 
compass and pacing. Each field worker 
should determine the length of his pace 
and should prepare a table showing the 
number of paces per 100 feet or chain 
(66 feet). Measured courses over smooth 
and rough terrain should be paced prior 
to using the method in the field. 

The minimum size of cover types re- 
corded on the map may vary consider- 
ably. On farm-wildlife areas, it is fre- 
quently desirable to indicate cover 
types as small as two acres, while in 
large timbered areas, types are rarely 
that small except in the case of open- 
‘ings. In general, the more intensive the 
management or study, the more de- 
tailed will be the cover types employed. 
Cover-maps based upon plant succes- 
sion can be made as detailed as desired. 

The site of observations is conven- 
iently recorded by lettering quarter-sec- 
tions A, B, C, D and subdividing each 
quarter into 16 ten-acre lots—both the 
quarter-sections and the ten-acre lots 
being lettered and numbered from right 
to left, then left to right, the system 
used in numbering the sections in a 
township. This means of designating 
the location of observations on research 
areas is somewhat less cumbersome 
than the ordinary method used in the 
rectangular system of public land sur- 
veys. For example, the designation 
NE} of SE} of NE? of Sec. 14 is sim- 
plified to 14A9. Range and township 
lines serve to identify the townships. 
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The completed cover map illustrated 
in Plate 5 is for a typical farm and 
wooded area in Boone County, Mis- 
souri. The wooded portions are within 
the northern limits of the Ozark border. 
Fields within the Ashland area are in 
process of reversion to timber. 


CLASSIFICATION OF CovEeR TyYPEs 


Upland and Upper Slopes 


A4 Herbaceous and mixed grasses (wild) 
A4g Grasses mixed (native and culti- 
vated species) 
A4g, Bluestems 
A5 Shrubs 
A5:  Coralberry (buckbrush) 
A5, Blackberry 
Lowbush blueberry 
A6 Sassafras (with sour gum on acid 
drainages) 
Persimmon 
slopes) 
Red cedar (limestone slopes)—may 
be associated with oaks and occa- 
sionally short-leaf pine 
Chinquapin oak—white ash, slip- 
pery elm, hackberry, spice bush, 
bladder nut, hornbeam, red bud 
(Ward’s willow on gravel washes) 
(tributary streams, ravines, and 
hollows) 
Shortleaf pine 
Shortleaf pine with blackjack and 
post oaks 
Post oak and blackjack oak 
Post oak 
Blackjack oak 
Winged elm—pignut hickory (very 
limited) 
Black oak—pignut hickory 
—with scarlet oak, red oak, and/or 
white oak 
White oak 
White, scarlet, black oaks, hickories, 
and shortleaf pine 
White oak—red maple, mockernut 
hickory (acid soil drainages) 
White oak—sugar maple, red oak 
(limestone slopes) N and E slopes 
White oak—chinquapin oak, red 
oak, S and W slopes 


(also on _ limestone 
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Flood Plain 


P4 
P4, 
P5 


P6 


P6; 


P7 


P8 


Grasses and mixed herbaceous 

Cane—white grass 

Shrubs (witch hazel, Ward’s willow, 
alder, buttonbush, buckbrush, 
spicebush) 

Silver maple, cottonwoods, associ- 
ated species—sycamore, river 
birch, black willow 

Willow 

Elm—ash and associated species, 
Shumard red oak, box elder 

Sugar maple—bitternut hickory, 
associated species, walnut, white 
oak, sour gum, hackberry 


Ponds, Lakes, Swamps 


Bl 
B2 
B3 


B4 
B5 
B6 


B6é; 


Submerged vegetation (pondweeds) 

Floating vegetation (waterlilies) 

Emergent vegetation (bulrushes, 
lotus) 

Sedges—grasses 

Shrubs 

Cypress, water hickory, over-cup 
oak, red gum (SE lowlands) 

Water hickory, over-cup oak, water 
oak, red gum (SE lowlands) 


SYMBOLS 


Fencerow, Field Border, or Herbaceous Types: 


Plant densities 
Clear or light | 


Medium 
Heavy 


Tree density 


Scattered | 0-400 trees per acre 
Medium || 400-800 trees per acre 
Heavy ll over 800 trees per acre 


Understory or shrub density 


Scattered 


Medium 
Heavy 


Tree size 


Reproduction and sprouts (0-6’) 
Sapling (6’-4” dbh) 

Pole (5"-8" dbh) 

Merchantable timber, over 9” dbh 


All ages 


i Wl 


ar Wh 


Vegetation in fencerows and field borders 


Shrubs 

Trees 

Herbs 

Mixed 

Crop Symbols 

cn—corn b—barley 

wh—wheat bw—buckwheat 
ot—oats fx—flax 
al—alfalfa cl—clover 
ls—lespedeza po—potatoes 
ti—timothy to—tomatoes 


Ac—cultivated—used 
only on finished 


bg—bluegrass 
sb—soybeans 


cp—cowpeas map 
s—sorghums (grain gr—grazed 
and sweet) br—browsed 
t—tobacco gror br —|light, medium, 
c—cotton gror br =?and heavy, 
r—rye grorbr =) respectively 


ORGANIZATION OF SYMBOLS 
(EXAMPLES) 


Herbaceous and_ mixed 
grasses, medium density, 
and grazed lightly. 

Coralberry, heavy stand, 
browsed heavily. 

White, scarlet, black oaks, 
hickories, and pine, me- 
dium density, sapling 
stand. 

Post oak, scattered, mer- 
chantable. 


A4:= *gri 


A5\:=-br:= 


Al3-=-2 


Al10,;:—-4 
A4-=-gr; 








Understory of grasses, me- 
dium density, and herbs 
lightly grazed. 

Heavy stand of cane o 
white grass. 

Sugar maple, butternut 
hickory, medium stand, 
all ages. 


P4, _ 


P8- 


ll 
on 
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THE DIGESTIVE CAPACITIES OF THE 
WHITE-TAILED DEER’ 


E. B. Forbes, L. F. Marcy, A. LeRoy Voris, and C. E. French 


The problem of the white-tailed deer, 
with special reference to the state of 
Pennsylvania, promises to require con- 
tinuing investigation and administra- 
tive control as far ahead as one can see 
—for the reasons that it involves con- 
flicting interests of economic, recrea- 
tional, and sanitary significance, and 
that, in the nature of the case, the nec- 
essary control must be a shifting one, 
in accord with the varying density of 
the deer population, and with condi- 
tions as to productivity and stage of 
maturity of the forest growth. 

Some of the general features of this 
complicated problem are as follows: 

In their natural food habits white- 
tailed deer are dainty, random, tip- 
browsers. In an apparently thoughtless 
and unsystematic manner they pluck a 
twig here and a leaf there, continuing 
“fon the move.” 

No plant is too small for their atten- 
tion; and, with differences in accepta- 
bilty according to season and circum- 
stances, almost everything that grows 
is eaten. 

Deer in heavy concentration are dis- 
tinctly inimical to reforestation, and 
they are also capable of serious depre- 


1 Paper No. 16 from the Pennsylvania Co- 
operative Wildlife Research Unit; the Penn- 
sylvania State College and the Pennsyl- 
vania Game Commission, cooperating with 
the U. S. Biological Survey. 

Authorized for publication on April 19, 
1940, as paper No. 972 in the journal series 
of the Pennsylvania Agricultural Experiment 
Station. 


dations on young orchards and on truck 
farming crops. They have a special lik. 
ing for the flavor of young trees from 
well-fertilized nurseries, and are not al- 
ways stopped by an 8-foot fence. 

The summer carrying capacity of 
deer range is relatively large, and its 
winter carrying capacity very much 
smaller. Deer, therefore, require the 
freedom of extensive areas to camy 
them through the critical “winter 
pinch.” 

It is their habit, however, in seasons 
of deep snow, to confine their feeding 
to restricted areas, or “yards,”’ in which 
the available browse may be completely 
consumed while food a short distance 
away stands untouched. 

On account of the difficult accessibil- 
ity of these yards it is impracticable to 
feed the starving deer, except by the 
emergency cutting of natural food to 
bring it within their reach; but evenif 
this procedure temporarily saves the 
lives of some of the deer, and results in 
an abundant growth of sprouts during 
the next summer, the final effect obv- 
ously resembles that of a second mort 
gage. In other words, an already over 
browsed range is subject to further 
damage because of steps that tend to 
increase the load to be borne the follow- 
ing winter. 

Any weakening of the deer during the 
preceding months is apt, during the 
hardships of winter, to result in death 
of the less favored individuals. On ai 
extensive scale deer mortality may te 
sult in the pollution of city water sup 
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Deer wearing digestion harness. 
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plies drawn.from forests in which the 
deer have perished. 

Deer are subject to and can spread 
the diseases of domestic animals, and in 
this relation sometimes constitute a dif- 
ficult problem. 

It is customary, however, to regard 
deer as one of the desirable products of 
the forest; and those who are responsi- 
ble for the management of the deer and 
the forest seek to maintain such a bal- 
ance between the two that both may 
thrive and reproduce; but this is inev- 
itably a difficult objective, since deer 
reproduce annually, but the forest only 
in long-time cycles. 

The balance between the deer and the 
forest, therefore, must be frequently re- 
adjusted by forest management and by 
regulation of hunting, the latter de- 
pending on the education of the general 
public to such a knowledge and appreci- 
ation of the problem as will assure intel- 
ligent cooperation. 

In this situation it was deemed desir- 
able, as a means of adding to our knowl- 
edge of the nutrition of deer, and of as- 
sisting in devising effective policies of 
management, to conduct digestion ex- 
periments with deer on a number of 
kinds of food and with rabbits on some 
of the same products, to learn of their 
possible value as test animals. The 
studies to be described were carried out 
as a project of the Pennsylvania Coop- 
erative Wildlife Research Unit at the 
Pennsylvania State College, under the 
leadership of Dr. Logan J. Bennett. 

For the purpose of these investiga- 
tions young deer weighing 45 to 50 
pounds were utilized, the writers being 
indebted to Richard Gerstell, Chief of 
the Division of Research, Pennsylvania 
Game Commission, for providing the 
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animals, and to Roger Latham, for 
bringing them to State College. 

Five fawns were used in these experi- 
ments in the fall and early winter of 
1938, and three more a year later. 

It is easy to think of determining the 
digestibility of feeds for deer by com- 
paring the amount and the composition 
of the food and of the indigestible resi- 
dues; but difficulties were encountered 
in accomplishing this purpose. 

The deer were confined in small pens 
in a barn, and were fed in crates that 
had been used in digestion experiments 
with sheep. The droppings were col- 
lected by means of digestion harnesses 
which were devised by the modification 
of equipment used for the same purpose 
with sheep. 

Plate 6 shows one of the fawns wear- 
ing a light leather harness, consisting of 
breast strap, shoulder strap and girth, 
to which the canvas feces bag was at- 
tached by rubber straps and light metal 
snaps. The bag was closed by the use of 
a slide fastener. 

In the conduct of a digestion experi- 
ment it is necessary that the subject 
eat only the experimental food, and 
that it eat this in exactly the same 
amount each day, without waste, re- 
fusal, or contamination. But deer do not 
take kindly to such a program. In a 
state of nature they eat a great variety 
of feeds, and when we ask a deer to eat 
only one kind, which by itself provides 
a very incomplete diet, it seeks to vary 
the ration by eating its digestion har- 
ness. Also it was necessary to deal with 
the subject of contamination of the ex- 
perimental ration as a result of the deer 
getting their feet in their feeding 
troughs. 

The deer ate the several rations used 
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in similar amounts, about 700 grams (a 
little more than 1} pounds) per day, 
and made slight gains in live weight. 

Similar digestion experiments were 
conducted with New Zealand White 
rabbits, on some of the same feeds. 
These rabbits weighed about 4.5 pounds 
each, and they ate about 80 grams 
(about 3 ounces) of feed per day. 

Both deer and rabbits were subjected 
to preliminary feeding periods of 7 days, 


willow (Salix humilis) browse are shown 
with the high percentages of moisture 
(36.92 to 48.10) present in these prod- 
ucts in the late fall, while the other 
products were analyzed in their usual 
air-dry condition, containing 7.21 to 
12.74 per cent of moisture. 

Deer ration A was a simple mixture 
consisting of 50% leafy, third-cutting 
alfalfa hay, finely cut, and combined 
with 45% whole corn and 5% pea-size 


TABLE 1 
COMPARISON OF FEEDING STUFFS EATEN BY DEER AND RABBITS 


Animal 


Crude Ether 


Crude N-free 


Kind of feed eating Moisture protein extract fiber extract Energy 
% % % % % Cal./Gm. 
Acorns! Deer 36.92 3.34 9.31 11.28 37.80 3.2 
Deer ration A? Deer 11.18 15.35 2.99 10.94 54.71 4.1 
Deer ration B* Deer 7.21 14.50 2.61 12.29 56.82 4.1 
Dogwood browse Deer 40.68 3.03 1.80 20.56 32.24 2.8 
Dogwood browse Rabbit 40.68 3.03 1.80 20.56 32.24 2.8 
Goat ration‘ Deer 11.66 15.94 2:30 7.42 55.87 4.0 
Omolene® Deer 11.84 10.77 3.47 7.58 62.04 4.0 
Omolene® Rabbit 12.11 12.38 2.73 7.84 60.59 4.0 
Rabbit chow® Deer 12.74 14.44 3.05 12.57 52.20 4.0 
Rabbit chow® Rabbit 10.98 14.88 3.30 13.67 52.14 4.0 
Willow browse Deer 48.10 3.67 2.25 18.99 24.71 2.6 
1 Red oak. 


2 Alfalfa hay 50%, whole corn 45%, pea size soybean oil cake 5%. 

3 Alfalfa hay 23.3%, whole corn 28.3%, wheat bran 13.9%, corn gluten 9.3%, dried beet 
pulp 9.3%, molasses 7%, soybean oil meal 6.9%, calcium carbonate 1%, salt 1%. 

* Beacon Milling Co.: linseed oil meal, cottonseed meal, soy bean oil meal, cracked corn, 
wheat bran, wheat middlings, corn distiller’s dried grains, crushed oats, crushed barley, 


dried beet pulp, molasses, calcium carbonate, 


steam bone meal, salt. 


* Ralston Purina Co.: crushed oats, alfalfa leaf meal, linseed meal, soy bean oil meal, 
molasses, wheat bran, calcium carbonate, iodized salt. 

* Ralston Purina Co.: wheat germ, soy bean oil meal, cut alfalfa, crushed oats, crushed 
barley, wheat middlings (standard), corn germ meal, cracked corn, molasses, calcium car- 


bonate, iodized salt. 


to establish them on the experimental 
rations, followed by 9 or 10-day periods 
during which the feces were collected. 
The feeding stuffs, of whatever kind, 
were sampled for analysis at the time 
the individual portions were weighed. 
In Table 1 are given results of chem- 
ical analyses of the products on which 
digestion experiments were conducted. 
The red-oak (Quercus rubra) acorns, 
and dogwood (Cornus paniculata) and 


soy bean oil cake. This ration proved 
highly satisfactory. 

Deer ration B was a more compli- 
cated mixture that has been used at the 
Loyalsock Game Farm. Since it con- 
tained only 23.3% of alfalfa it was more 
concentrated than ration A. 

Dogwood browse and willow browse 
were included in this study as relatively 
palatable representatives of the class of 
food products to which they belong. 
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The goat ration, the ‘“omolene” 
(horse feed), and the “rabbit chow” 
were three commercial feed mixtures 
that deer will eat. They were included 
to provide a basis of comparison of the 
digestive capacities of deer and rabbits, 
and as feeds for possible use with deer in 
captivity. 

Allowing for the high moisture con- 
tent of the acorns, that is, on a dry 
matter basis, it will be observed that 
acorns constitute a concentrated feed, 
rich in nitrogen-free extract and ether 
extract, and that, on the basis stated, 


The gross energy or combustion val- 
ue of these browse feeds would be high, 
on a dry matter basis, but the net en- 
ergy would be low, because of the fact 
that woody fiber is of comparatively 
little use as a nutrient. 

The percentages of digestibility of the 
several constituents of the feeds, by 
deer and by rabbits, are recorded in 
Table 2. 

A comparison of the data represent- 
ing the digestion of feeds by deer, in this 
table, with the published digestion co- 
efficients of feeding stuffs by cattle, 


TABLE 2 


DIGESTION COEFFICIENTS OF FEEDING STUFFS EATEN 
BY DEER AND RABBITS 


Kind of feed Animal Dry Crude 


eating matter protein 
Acorns Deer 36.6 a1 
Deer ration A Deer 72.3 69.3 
Deer ration B Deer 75.5 73.5 
Dogwood browse Deer 28.3 —! 
Dogwood browse Rabbit 13.9 —!1 
Goat ration Deer 74.3 80.2 
Omolene Deer 74.1 74.7 
Omolene Rabbit 74.9 76.3 
Rabbit chow Deer 70.5 78.1 
Rabbit chow Rabbit 68.1 76.3 
Willow browse Deer 28.9 --t 


1 Negative value. 


they possess a high energy value. They 
were eaten with their shells, however, 
and on this account included a consid- 
erable proportion of crude fiber. 

Also, on the dry matter basis, the 
dogwood and the willow browse would 
be very high in crude fiber; but consid- 
ering this constituent only as diluting 
the more valuable constituents, it is ob- 
vious that these products are important 
sources of nutriment, the willow being 
slightly the richer in protein and ether 
extract, and the dogwood decidedly the 
superior in nitrogen-free extract. 


Number 
Ether Crude N-free — 
gy of deter- 
extract _ fiber extract Po Sean 
56.3 —! 51.1 39.4 1 
63.0 31.5 84.0 71.0 3 
77.0 48.8 83.7 74.9 3 
28.5 16.3 44.0 25.8 1 
31.6 —! 30.1 12.0 1 
83.5 33.2 81.5 75.6 2 
89.2 21.9 81.9 74.3 5 
87 .2 17.0 82.8 74.6 6 
78.8 32.8 79.7 70.8 2 
81.0 18.2 78.9 67.2 5 
20.9 27.1 46.7 27.3 1 


sheep, and goats (1, 2, 3, 4) shows that 
the capacities of all these ruminants to 
digest feeding stuffs in general, includ- 
ing crude fiber, are of much the same 
order of efficiency, though with minor 
specific differences. 

The relatively low digestibility of the 
dry matter of the acorns, and of the 
dogwood and willow browse must be 
considered in connection with their 
high content of crude fiber; with the 
negative values obtained for the digesti- 
bility of their crude protein and crude 
fiber, and the low values for other com- 
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ponents; and with the fact that the di- 
gestibility of these three coarse prod- 
ucts was determined in each case by 
difference between that of omolene fed 
alone and that of a ration of omolene and 
one of the coarse products fed together. 
Only by feeding with the omolene was 
it possible to get the deer to clean up the 
browse without waste—as required for 
the determination of digestibility. 

The negative values obtained for the 
coarse feeds may be considred as having 
been caused by some combination of the 
following factors: 

(1) an actual depression of the diges- 
tibility of the omolene by the coarse 
feeds fed with it. 

(2) an abrasive action of the coarse 
feeds on the intestinal epithelium. 

(3) a stimulation of peristalsis by 
the coarse products—having the effect 
of hurrying the food residues along, and 
thus diminishing their apparent digesti- 
bility. 

In any case it must be considered 
that where these values were negative 
they should certainly have been low, 
but that their apparent values of less 
than nothing resulted from the combi- 
nation of the feeding stuff with the basal 
ration with which it was fed. 

In view of the fact that the individual 
animals of any species may vary several 
per cent in their natural digestive ca- 
pacities, the observed differences in the 
abilities of deer and rabbits to digest 
protein are not considered significant, 
and the same observation holds with 
respect to the assimilation of ether ex- 
tract (crude fat). 

The low digestibility of the ether ex- 
tract of the two species of browse signi- 
fies that this was less largely fat than 
was the ether extract of the concen- 


trate feeds—ether extract including, be. 
sides fats, also waxes, chlorophyl, and 
other ether-soluble compounds of lower 
nutritive values than those of the true 
fats. 

The low digestive coefficients ob. 
served for crude fiber show that neither 
deer nor rabbits digest this feed com- 
ponent especially well, but the deer di- 
gest it very much more efficiently than 
do rabbits. 

The first stomach, or rumen, of deer 
and other ruminants serves as an ex- 
tensive storage reservoir, in which food 
is soaked, churned, and fermented in 
preparation for digestion; and in this 
process bacteria contribute to the di- 
gestibility of otherwise indigestible 
crude fiber by digesting it themselves 
and then yielding their own bodies to 
digestion by the animal. 

The rabbit does not have a rumen, or 
paunch. While the ruminant has four 
stomachs to provide for the utilization 
of coarse forage, the rabbit has but a sin- 
gle, simple stomach. The rabbit, how- 
ever, does have a capacious pouch, or 
caecum, situated at the beginning of the 
large intestine, in which digestive proc- 
esses occur; but the relatively ineffi- 
ent digestion of crude fiber by the rab- 
bit as compared with the deer shows 
that the rabbit caecum is not physio- 
logically the full equivalent of the rumi- 
nant paunch. 

The efficiency of digestion of nitro- 
gen-free extract (starch, sugar, etc.) by 
deer and rabbits was found about the 
same in omolene (horse feed) and in 
rabbit chow, but the deer digested the 
nitrogen-free extract of dogwood browse 
appreciably more effectively than did 
the rabbit. 

The values for digestibility of the en- 
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ergy-producing nutrients of the feeds 
was much influenced by their crude 
fiber content, because this constituent 
has a high energy value but, as we have 
seen, a relatively low digestibility. 

The composition of the feeds and the 
digestibility of their constituents hav- 
ing been given in Tables 1 and 2, Table 


As relatively high-class browse prod- 
ucts, panicled dogwood and willow are 
shown to be of low nutritive value com- 
pared with acorns, especially because of 
their high content of woody fiber. 

Aside from their contents of crude 
fiber, however, dogwood and willow are 
shown to possess considerable nutritive 


TABLE 3 


DIGESTIBLE NUTRIENTS OF FEEDING STUFFS EATEN 
BY DEER AND RABBITS—FRESH BASIS 


Animal Qo Crud 
. nima ry rude 
Kind of feed eating matier protein 
in feed 
% % 
Acorns Deer 63.1 —1 
Deer ration A Deer 88.8 10.6 
Deer ration B Deer 92.8 10.7 
Dogwood browse Deer 59.3 —! 
Dogwood browse Rabbit 59.3 —1 
Goat ration Deer 88.3 12.8 
Omolene Deer 88.2 8.0 
Omolene Rabbit 87.9 9.4 
Rabbit chow Deer 87.3 11.3 
Rabbit chow Rabbit 89.0 11.4 
Willow browse Deer 51.9 —1 


1 Negative value. 


3 indicates the quantities of nutrients 
digested. 

The values for dry matter in this ta- 
ble represent the total dry substance in 
the products, without regard to digesti- 
bility. 

The values for composition, digesti- 
bility, and digestible nutrients indicate 
that the acorn is one of the most impor- 
tant of natural deer feeds. 

Because of the general abundance of 
acorns, and their concentrated charac- 
ter, especially their relatively high fat 
content, they assist in keeping deer in 
good condition during the breeding sea- 
son, and in building up a highly valua- 
ble reserve of fat in preparation for the 
food shortage of winter. 





Carbohydrates pan Total 
N-free Crude extract digestible 
extract _fiber Total nutrients 

% % % % % 
19.3 —1 19.3 5.2 31.0 
46.0 3.4 49.4 1.9 64.3 
47.6 6.0 53.6 2.0 68.8 
14.2 3.4 17.6 0.5 18.7 

9.7 —1 9.7 0.6 12.3 
45.5 2.5 48.0 23 66.0 
50.8 Be §2.5 3.1 67.5 
50.2 1.3 51.5 2.4 66.3 
41.6 4.1 45.7 2.4 62.4 
41.1 2.5 43.6 a7 61.1 
11.5 5.1 16.6 0.5 ly af 


value. These and other nutritious browse 
products are life savers during the mid- 
winter and early spring period of food 
deficiency. 

Dogwood and willow browse fed with 
concentrated feeding stuffs served to 
diminish the apparent digestibility of 
the latter, and the digestibility of the 
several classes of nutrients which they 
contain is lower than that of the same 
classes of nutrients in concentrated 
feeds; also the energy expense of col- 
lecting browse, a twig at a time, is ap- 
preciable, as anyone will agree who has 
harvested it for experimental purposes. 

Winter browse, therefore, should be 
regarded as supplying critically needed 
maintenance feed rather than as con- 
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stituting a highly nutritious ration. 

Deer utilize the nutrients of their 
feed about as do grazing ruminants, but 
they eat a decidedly more varied diet, 
tue winter feed being of much lower 
nutritive value, and the late fall feed of 
higher nutritive value, because of the 
extensive use of concentrated mast 
foods. 

Deer utilize the starch, sugar, etc. of 
concentrated feeds about as do rabbits, 
but digest the same classes of nutrients 
in browse more efficiently than do rab- 
bits. 

The most prominent difference in the 
utilization of nutrients by deer and rab- 
bits is with reference to the woody fiber 
of browse, which neither digests well, but 
which the deer utilize much more effi- 
ciently than do the rabbits. It was found, 
therefore, that the rabbit could not be 
used with a degree of accuracy suffi- 
cient for critical and accurate purposes 
to represent deer in the utilization of 
foods. 

Ration A, which was a mixture of 
leafy alfalfa hay 50%, whole corn 45%, 
and pea-size soy bean oil cake 5%, con- 
tained somewhat less total digestible 
nutriment than did the more complex 
ration B, because the former contained 
twice as large a proportion of hay, 
which is relatively low in digestible nu- 
triment, but the ration first mentioned 
was found quite satisfactory for feeding 
deer—in fact more so than any other 
tested. 


It was found that deer will eat bone 
meal mixed with salt, and they will pre. 
sumably satisfy their requirements for 
the nutrients contained if given the Op- 
portunity, but under the conditions of 
the experiments discussed they did not 
care much for bone meal, and neither 
did they seem to have a high salt re. 
quirement. Doubtless they require more 
salt during the period of lactation, when 
they sometimes satisfy this need by eat- 
ing quantities of mud from brackish 
pools. 
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WINTER AND SPRING HABITS OF WEASELS 
IN CENTRAL IOWA! 


Emmett B. Polderboer, Lee W. Kuhn, and 
George O. Hendrickson 


During the winter and spring, 1939, 
an investigation was carried on near 
Ames, Iowa, in an attempt to deter- 
mine on a limited acreage the popula- 
tion, predation, and habits of the long- 
tailed weasel (Mustela frenata). (Plate7). 

The observational area of 160 acres is 
typical of lowa farm land in the region 
covered by the Wisconsin glaciation. 
About 60 acres were in cornfields, 30 in 
oat stubble, 28 in sweet clover meadow, 
15 in soy bean stubble, 21.5 in blue- 
grass pasture, and 5.5 acres in an un- 
disturbed weed patch and slough. 

The inventory method used was fol- 
lowing all tracks made during a single 
night immediately after a snowfall and 
determining the cruising radius of each 
weasel. 

The average distance traveled by the 
long-tailed weasels in one night was 
about 25 rods from the central den; the 
maximum was 45 rods. The locations of 
the weasels were determined readily 
after each snow by traversing the fields 
at 100-yard intervals, counting the 
number of trails, and noting the direc- 
tion of travel. Trails were seldom 
crossed twice because the weasels rarely 
departed from the central den more 
than 100 yards in any direction. After 
finding the general range of a weasel it 


' Journal Paper No. J-745 of the Iowa 
Agricultural Experiment Station, Ames, 
lowa. Project No. 568. In cooperation with 
the United States Bureau of Biological Sur- 
vey, the American Wildlife Institute, and 
the Iowa State Conservation Commission 


was usually a rather simple matter to 
relocate the same animal on subsequent 
visits because each weasel tended to 
stay within a relatively small area. 

Using this method of inventory, five 
weasels were found to be present on the 
160 acres. Four were long-tailed weasels 
and one was considered to be a least 
weasel (Mustela rixosa). Both species 
seemed to prefer areas where the dens 
of pocket gopher (Geomys bursarius), 
Franklin’s ground squirrel (Citellus 
franklini), and other burrowing mam- 
mals were numerous and close to cover 
harboring a fair population of mice, 
rabbits, and small birds. Two weasels 
occupied a 5.5-acre weed patch in which 
a number of pocket gopher mounds, 
Franklin’s ground squirrel dens, and 
mole (Scalopus aquaticus) runs were 
present. A single weasel lived in a 10- 
acre patch of oat stubble overgrown 
with lesser ragweed (Ambrosia artemisi- 
ifolia) and two others were found in a 
28-acre field of sweet clover about 20 
inches tall. 

In addition to making the weasel in- 
ventory, a count was taken of the im- 
portant game species occupying the 
area. This was done mainly by the flush- 
count method supplemented by obser- 
vation throughout the study period. 
Because the heavily grazed pasture, oat 
stubble, and cornfields flattened by 
mechanical harvesters afforded poor 
cover for the Mearns cottontail (Sylvil- 
agus floridanus mearnsii), Eastern bob- 
white (Colinus v. virginianus) and Ring- 
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TABLE 1 
FREQUENCY INDEX TO WEASEL PREY 


Winter 


Kind of prey frequency 


Meadow mouse 
Harvest mouse 
Deer mouse 

Mearns cottontail 
Short-tailed shrew 
House mouse 

Tree sparrow 
Grasshopper 

Shaw pocket gopher 
Least weasel 
Unidentified material 


50 
29 
14 

9 


necked pheasant (Phasianus colchicus 
torquatus), most of these game species 
were concentrated in the sweet clover 
field and in the weed patches. A total of 
14 pheasants, 24 quail, and 35 rabbits 
was estimated on the area late in win- 
ter, 1939. Other possible prey species 
present were the harvest mouse (Reith- 
rodontomys megalotis), meadow mice 
(Microtus pennsylvanicus and M. ochro- 
gaster), house mouse (Mus musculus), 
common mole, white-footed mice (Pero- 
myscus leucopus and P. maniculatus), 
short-tailed shrew (Blarina brevicauda), 
Franklin’s ground squirrel, 13-striped 
ground squirrel (Citellus tridecemlinea- 
tus), and pocket gopher. Available avian 
prey species seen frequently on the area 
were the meadow-larks (Sturnella spp.), 
horned lark (Otocoris alpestris), and tree 
sparrow (Spizella arborea). 

The food habits of the weasels were 
determined chiefly by analysis of fresh 
fecal scats in good condition gathered 
from latrines found at the entrances 
of burrows and from latrine chambers 
found within burrows that were dug out 
after being abandoned by the weasels. 
Caches of food found in excavated dens 
also were collected and recorded. 

Ninety-seven winter scats and 34 
spring scats of the long-tailed weasel 
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were examined. Each scat was dried, © 


taken apart, and all bones, teeth, feath. 


ers, and hair separated and compared) 
with known skeletons and skins of 4 | 


reference collection. The prey species” 
were enumerated by frequency of occur- | 


rence, after the method of Dearborn 
(1932). A total of 118 items was found” 


in the 97 winter scats and 48 in the 38 q 


spring scats. 


Meadow and harvest mice appear to 


be the major food species in the area. 
The cottontail ranks rather high ac” 


cording to the above figures but the” 


samples containing cottontail were all ¥ 


taken from the latrine of one large male” 


weasel and tend to distort the percent” 


age for this item. Scats containing coh” 
tontail seldom included other food? 
items. The weasel specified was respon-" 
sible also for the high percentage of 
least weasel remains in the spring scats.” 

From scat analysis data and field” 


observation it is apparent that game” 


birds did not suffer from weasel preda” 
tion. One pheasant was lost (cause UI*! 


known) and no quail losses were su& > 


tained, though the latter birds were 
known to have roosted well within the 
cruising radius of occupied weasel dens _ 
on several occasions. 

The weasels were quite bold and im) 
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Photo by Wilfred Crabb 

The long-tailed weasel (Mustela frenata) in winter pelage in a typical den. This den was 

located in a 28-acre sweet clover field and is the site where most of the scats used in the food 
habits study were collected. 
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tensely curious. Often the rustling of a 
paper sack or a squeaking noise would 
cause them to come to the den entrance 
and stare at the observers. In spite of 
their apparent bravery, however, when 
the dens were visited too frequently the 
weasels deserted them and sought new 
locations. When it became apparent 
that three of the dens had been aban- 
doned, they were dug out in order to ob- 
tain further information concerning the 
food and nesting habits of the weasels. 

The first den excavated was located 
in the weed patch. It was an old mole 
run that had been used by at least two 
weasels during the winter months. The 
nest was in an enlargement of one of the 
runs about six inches below the surface 
of the ground and about two feet from 
the entrance of the burrow. The nest 
cell was nine inches in diameter and had 
four burrows radiating from it. This 
nest chamber was filled with grasses 
packed in a layer-like formation. In the 
center of this mass was a nest hollow 
lined with patches of mouse and shrew 
fur. Beneath this layer of fur and at the 
sides of the nest were skins, various 
bones, and skulls of partially eaten mice 
and shrews. The presence of scats in the 
next mass indicated that the weasels had 
defecated in the nest. At intervals, lay- 
ers of clean grass had been laid over the 
filth of the former bed, thus giving the 
nest a stratified appearance. A mass of 
scats was found packed into one of the 
radiating tunnels, and some mouse and 
shrew remains were found stored in two 
other tunnels. The entire nest and cache 
specimens were collected and taken to 
the laboratory for investigation. 

The second den excavated was a 
Franklin’s ground squirrel den that had 
been taken over by a large male weasel. 
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It was located in a sweet clover field 
with a rank growth of uncut plants two 
feet high. The den had three entrances 
about two feet apart in a triangular 
pattern. The nest cell was located cen- 
trally between the holes at a depth of 
nine inches; it measured seven by seven 
inches. The interior of the cell was lined 
with grasses mixed with much rabbit 
and mouse fur. Some scats, and bones 
and fur of mice and shrews were matted 
together in layers at the bottom of the 
nest. Four tunnels branched off from 
the main nest cavity. Two of these were 
blind alleys, one of which contained a 
latrine of about 40 scats. The other two 
led to external entrances but one of 
these was practically blocked a short 
distance from the nest cavity by a sec- 
ond latrine from which a large handful 
of excreta was taken. The entire nest 
and scats were collected and taken to 
the laboratory for further examination. 

The third den excavated was the 
second den-site of the weasel that had 
formerly occupied the den just de- 
scribed. It was dug out in April and had 
been in use for more than a month fol- 
lowing the abandonment of the other 
den. It was a Franklin’s ground squirrel 
burrow 20 rods northwest of the former 
den on a knoll in the sweet clover field. 
The nest cell was 11 inches below the 
surface of the ground. It measured 11 
inches by 9 inches and was entered by 
four separate burrows. Two nest layers 
were present. The first, composed chief- 
ly of coarse straw and grass, had appar- 
ently been occupied at some time by a 
spotted skunk (Spilogale interrupta) be- 
cause it contained several scats and tail 
hairs of that animal mixed with the 
straw bedding. On top of the skunk nest 
was the weasel nest composed of fine 














118 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 5, No. 1, JANUARY 1941 


grasses, mouse fur, and skeletal re- 
mains of mice. A mass of fecal droppings 
was found plugging one of the burrows 
leaving the nest. From the way the 
scats appeared to be packed into the 
tunnel it seemed that the weasel must 
have tidied up the burrow at intervals 
by pushing excreta from the nest cavity 
back into a latrine. 

The number of individual prey re- 
mains taken from the nests are given in 
Table 2. 


TABLE 2 


NUMBER OF PREY REMAINS 
FOUND IN WEASEL NESTS 


Kind of prey “ Nest — Total 





2 

Meadow mouse 17 7 6 30 
Short-tailed shrew 2 2 0 4 
Shaw Pocket 

Gopher 1 1 0 2 
Deer mouse 0 2 0 2 
Least weasel 0 0 1 1 
Tree sparrow 0 0 1 1 


In connection with these data it is in- 
teresting to note that no harvest mice 
were found stored in the caches though 
scat analysis showed that they were fre- 
quently used as food. Meadow mice 
ranked high as a food item in scat anal- 
ysis but cache examinations showed 
that many of the mice were only par- 
tially consumed; often only the thoracic 
region and the brain case were eaten. 
Shrews were taken readily as indicated 
by scat analysis but as with meadow 
mice only the thoracic region of cached 
shrews had usually been eaten. Appar- 
ently an abundance of prey species does 
not cause the weasels to ignore the 
shrews which are said to be distasteful 
to carnivores. Contrary to popular 
opinion, little evidence was found of 
destruction of birds by the weasels. 
Feathers were found in only one den 
and in only one winter scat. In both in- 


stances the remains were those of tree 
sparrows. During the course of field ob- 
servations one field sparrow (Spizella 
pusilla) and two horned larks were 
found apparently killed by weasels. 
The appearance of the remains of the 
least weasel in a cache was of special in- 
terest. The fur of a weasel had been 
noted in some early spring scats but no 
accurate determination of the species 
eaten was made until the den of the 
weasel depositing the scats was exca- 
vated. One front claw and the lower 
jaw, with teeth intact, was found in the 
cache. The least weasel had not been 
recognized as present within the state 
prior to 1938 (Scott, 1939) and these re- 
mains represent the third record of this 
species for the state since that time. 
One cache not within a nesting den 
was in a pocket gopher burrow 10 rods 
west of the second weasel den. The sen- 
ior writer noted the hind foot of a cot- 
tontail rabbit projecting from this bur- 
row. The burrow was excavated and two 
adult cottontails were found stored in it. 
The rabbit nearest the entrance of the 
burrow was about half eaten; the other 
showed no external evidence of muti- 
lation. The skin of the second rabbit 
was dissected from the region about the 
head and neck revealing that muscles of 
the neck had been severed from the re- 
gion behind the right mastoid process 
and that hemorrhage in the region of 
the right jugular vein had occurred. Al- 
though the skin appeared to be un- 
broken, careful examination showed two 
tiny holes about four millimeters apart, 
indicating that the kill was made by 4 
weasel. Only these two rabbits were 
found cached by weasels, but a loss of 
10 rabbits took place during the 5 
months of observations. Three were 
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known to have been removed by hunt- 
ers, at least two by dogs, and two by 
weasels. The fate of the remainder was 
not known. 


SUMMARY 


1. Weasels were censused by using 
100-yard inventory strips in fresh snow 
and noting the trails crossed. The aver- 
age cruising radius of the long-tailed 
weasel was 25 rods. 

2. The burrows of ground squirrels, 
pocket gophers, and moles in weedy 
meadows and hay lands served as wea- 
sel den sites. 

3. The preponderance of the weasel 
diet in the case of four individuals was 
found to be mammalian, chiefly murine, 
with the genus Microtus most impor- 
tant. 

4. Cannibalism occurred among the 
weasels; this may indicate that some 


interspecific strife could act as a limiting 
factor in weasel populations. 

5. Weasel predation on game species 
was relatively small; the Mearns cot- 
tontail suffered most. 

6. The lack of evidence of weasel pre- 
dation may be partly accounted for by 
the cache habit, prey being hidden in 
burrows. 

7. The known range of the least wea- 
sel (Mustela rixosa) is extended to in- 
clude Story County, Iowa. 
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A NEW TYPE OF BIRD AND MAMMAL MARKER! 
R. E. Trippensee 


The advantages of being able to iden- 
tify individual wild animals in the field 
are well known to life history and eco- 
logical workers. Leg bands and colored 
feathers (Butts, 1931) for marking birds 
and bells for both birds and mammals 
have been tried with varying degrees of 
success. Of all methods employed, the 
use of colored feathers fastened to the 
dorsal tail feathers of birds seems to have 
been the most nearly satisfactory. (Ed- 
minister, 1938; Leopold, Lee, and An- 
derson, 1938; Heydweiller, 1935; Butts, 
1930; Hawkins, et al, 1937.) 

It is a difficult task to develop a 
method of marking suited to different 
birds and mammals and to a wide varie- 
ty of habitat conditions. Bells do not 
distinguish between individuals if more 
than one is marked and released in the 
same locality. The use of colored feath- 
ers is limited to from 7 to 10 colors. 

So far individual markers for mam- 
mals have not been used to the same ex- 
tent as for birds, although the need of 
knowing individual movement patterns 
for mammals is as urgent as it is for 
birds. Errington employed metal tags 
for the identification of muskrats but 
the animals had to be caught and ex- 
amined. (Errington, 1937). 


1 The development of markers suitable for 
field identification of pheasants was begun by 
P. V. Hastings, a student of the Stockbridge 
Vocational School at Massachusetts State 
College, and the author in 1937. Experi- 
mental work which included the marking of 
both birds and mammals has been continued 
at Massachusetts State College since that 
time. 


In the present study the use of many” 
types of coloring matter and materials, 
separately or in combination, and dif 
ferent methods of marking individuals? 
have been tried. Likewise a variety of 
ways of fastening the marker to the ani” 
mal have been used. None was found. 
universally satisfactory. Copper wire” 
was quite dependable for fastening’ 
dyed feathers to birds’ tails but this” 
method was cumbersome and took too” 
long to apply. Glue and adhesives of 
various types were also found unrelige ” 
ble. Dipping of feathers in dyes or quick % 
drying lacquers proved partially de 
pendable. The placing of numbers om 
mammals by stencils or the use of spots” 
on birds or mammals proved to be un 
satisfactory because of the difficulty in” 
producing a distinct mark on neutral” 
colored feathers or even on the white} 
fur of mammals such as hares. 

All difficulties considered, the prob 
lem of marking animals for individual | 
identification seems to involve the fol 
lowing principal requirements: 

1. A type of material is needed that 7 
will give clearly distinguishable colors” 
or combination of colors. 

2. The marker must be constructed | 
so that it may be used to present a large 7 
number of combinations of the primary” 
colors. 

3. The marker should be clearly vist 
ble and yet not impede the activities of 7 
the bird or mammal. 

4. The marker should be visible both 
while the subject is on the ground, or im 
the case of birds, in flight. 
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SONG 
PHEASANT BIRD 





SQUIRREL 


APPLICATOR 





A. (Left)—Five sizes of markers 
for birds and mammals—also applica- 
tor; B. (upper right)—marker fast- 

© ened to tail feather of a pheasant; 
©. (lower right)—marker on ear of a 
) domesticated rabbit. Photographs by 
§ Robert L. Coffin. 























5. Markers should be suitable for 
both birds and mammals. 

§. The method of applying the mark- 
ers should be rapid. 

Pyralin? has proved to be a suitable 
material for tags (Plate 8—A) because of 
its vivid colors, lightness, durability, 
and flexibility. The type of marker used 
for pheasants consists of a vane 13” 
wide by 23” long. The front corners are 
cut off to avoid catching on vegetation. 
This vane is backed by a rib or artificial 
“rachis” of wood or bamboo to stiffen 
the marker and act as a support for the 
fastener. The latter is a monel metal 
clip made in the form of a double staple 
so that two of the legs of the staple on 
the proximal end holds the rib and the 
vane together while those on tne distal 
end, which are longer and extend 
through the marker, fasten the marker 
to the dorsal tail feather of a bird or the 
ear of a mammal. 

To produce the staples economically 
it was necessary to develop a die to cut 
them on a punch press. 

The staples for fastening the marker 
to the feathers of birds are 7/16 inches 
long and are applied by long-jawed 
plyers with an oval groove in one jaw. 
The ends of the long part of the staple 
are bent slightly inward and as the 
marker is set lengthwise of the feather 
of a bird the applicator forces the two 
staples to clasp the shaft of the feather. 
Care should be used not to crush the 
rachis of the feather being marked 
(Plate 8-B). A slightly different method 


* Pyralin is a plastic material manufac- 
tured by E. I. DuPont de Nemours & Co. at 
Leominster, Mass. and Arlington, N. J. It 
is produced in sheets 2050 inches and .02 
inch thick, 
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of fastening the marker to a feather is 
to force the two parts of the staple 
through a pyralin washer, clinching the 
ends of the staples on the under side of 
the washer. This method requires a lit- 
tle more time but is less apt to crush the 
rachis. When marking birds as large as 
pheasants care should be used not to 
place the marker too far up on the tail 
where it will be partly concealed by the 
tail coverts. 

For birds like the bob-white and the 
perching birds, a smaller marker is used. 
For these birds the two staple fasteners 
are closer together and the longer, thin- 
ner part extends free along the top of 
the feather which is to be marked. But- 
ton type markers are used for very 
small birds. More trials are needed to 
determine the value of these markers. 

The marker used for mammals is 
slightly different from that for birds, 
being smaller and having only one sta- 
ple or fastener (Plate 8—C). In marking a 
rabbit the marker is fastened on the in- 
side of the ear along the front edge so as 
to be visible as the animal holds its ears 
upward or also when the ears are laid 
flat along the back. The marker is less 
subject to catching on vegetation if 
placed on the inside of the ear and has 
the added advantage of being more dif- 
ficult for the animal to remove. The two 
“legs” of the staple prevents the marker 
from getting out of position. 

In marking mammals the staple ex- 
tends through a pyralin washer on the 
back of the ear. Care should be used not 
to pinch the ear in clinching the staples 
and also not to puncture a large blood 
vessel in making the holes in the ear for 
the staple. Markers of suitable sizes 
have been developed for smaller mam- 
mals. 
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CoLor CoMBINATIONS 
Nine colors have been found to be 
satisfactory for markers. These are 
white, black, yellow, maroon, orange, 
red, cerise, dark green, light blue, and 


back of the observer the marker is vig). 
ble for a longer distance. Field glasses 
also extend the distances the markers 
are visible. The following table shows 
some of the results obtained so far, 


TABLE 1 
RANGE OF VISIBILITY OF MARKERS ON PHEASANTS, RABBITS AND HARES 


° Activity 

Species Sex of animal 
Ring-necked Pheasant Female Walking 
Ring-necked Pheasant Female Flying 
Ring-necked Pheasant Female 
Ring-necked Pheasant Male Flying 
Ring-necked Pheasant Male Walking 
Ring-necked Pheasant Female Flying 
Ring-necked Pheasant Male Flying 
Ring-necked Pheasant Female Flying 
Cottontail Rabbit Male Hopping 
Snowshoe hare Female Resting 
Snowshoe hare Female Hopping 


Color of tag Distance seen 


(feet) 

Solid cerise 75 
cerise 100 
Cerise base; red spot! 20 
Front maroon; rear white 50 
Red base; navy blue spot 40 
Solid maroon 30 
Front maroon; rear blue 75 
Cerise base; orange spot 100 
Cerise 30 
White 60 
White 40 


1 Dots of different colored pyralin were used on a background of another color as well as 
markers of solid colors and combinations of two colors. The markers with a dot of one color 
on a solid background of another color are not being used at present and are not included in 


the description and pictures. 


dark blue. Metallic gold and metallic 
silver also give some promise of being 
useful. Light green, tan, pink, lavender, 
and gray have not proved satisfactory. 
The use of two colors on a single marker 
gives a greater number of individual 
markings than could otherwise be ob- 
tained. These different colored parts are 
joined in the middle by lapping one 
over the other and fastening them to- 
gether with pyralin cement.* 


DIsTANCES MARKERS ARE VISIBLE 


To date sufficient work has not been 
done to judge completely the effective- 
ness of these markers. Preliminary stud- 
ies show, however, that the distance 
the markers are visible varies with col- 
or, light conditions, character of vege- 
tation, and whether the animal is stand- 
ing still or moving. If the light is at the 


3 DuPont No. 108 Cement has been found 
to be dependable. 


“Cerise, pink, and red are visible up 
to 200 feet but pink appears white at 
almost any distance. Blue, light green, 
and lavender are difficult to distinguish 
at 100 feet. Cerise is the most easily dis- 
tinguishable color and can be easily re- 
cognized with an 8 X glass at 200 feet.” 


SUMMARY 


The markers described have limita- 
tions that may be summarized as fol- 
lows: 

1. No more than 8 or possibly 10 
different colors can be used. 

2. All colors (and particularly the 
pastel shades) fade after prolonged use. 

3. The deeper colors as navy blue 
and maroon are distinguishable at 4 
shorter distance than light colors like 
cerise, green, yellow, and light blue. 

4. All markers fastened to feathers 
are lost during molt. 

However, this new type of marker 
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Color combination 


Orange-cerise 
Green-cerise 
Blue-cerise 

Dark green-pink 
Dark green-blue 
Blue-dark green 
Blue 

Dark green-cerise 
Light green-blue 
Blue-purple 
Blue-purple 
Pink-cerise 
Blue-lavender 
Blue-lavender 
Dark green-lavender 


Dark green-light green 
Blue-light green 
Blue-light green 


Pink-purple 
Pink-cerise 
Cerise-black 


White-green 

Blue; white dot# 

All white 

Blue-red 

Blue-red 

Blue-black 

Cerise; yellow dot 
lue 

All white 

All cerise 

White; blue dot 

Cerise-blue 

Cerise-orange 


Blue; orange dot 
White-blue 

Blue; black dot 
Cerise; black dot 


1 Entire table by Ernest Gould. 


Distance 


800 
3008 
40 
40 
50 
20 


TABLE 2 


RANGE OF DISTANCES AT WHICH MARKERS OF VARIOUS COLOR 
COMBINATIONS COULD BE SEEN UNDER A VARIETY 


OF CONDITIONS! 
Time of 


Glasses or 
naked eye 


8X 

8X 
eye 
eye 

8X 
eye 
eye 
eye 
eye 


8X 
8X 
8X 


8X 
eye 
10X 


10X 
10X 
10X 
eye 
10X 
10X 
10X 
10X 
10X 
10X 
10X 
10X 
10 X 


10X 
10X 
10X 
10X 


day 


10 a.m. 
11 A.M. 
8 A.M. 
8 A.M. 
6 A.M. 
6 A.M. 
7 AM. 
7 A.M. 
7 A.M. 
8 A.M. 
8 A.M. 
8 A.M. 
9 A.M. 
2 P.M. 
2 P.M. 


10 A.M. 
6 P.M. 
6 P.M. 


7 P.M. 
11 a.m. 
11 A.M. 


7 P.M. 
8 A.M. 
10 a.m. 
8 A.M. 
8 A.M. 
10 A.M. 
2 P.M. 
4 P.M. 
4 P.M. 
4 P.M. 
4 P.M. 
5 P.M. 
5 P.M. 


5 P.M. 
3 P.M. 
10 A.M. 
11 A.M. 


Weather 


clear 

clear 
overcast 
overcast 
clear 

clear 

partly cloudy 
partly cloudy 
partly cloudy 
partly cloudy 
partly cloudy 
partly cloudy 
clear 

partly cloudy 
clear 


clear 
cloudy 
cloudy 


partly cloudy 
partly cloudy 
clear 


clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
overcast 
overcast 


overcast 
clear 

clear 

partly cloudy 
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Ease of distin- 
guishing colors 

difficult 

easy 

medium 

difficult 

easy 

easy 

easy 

easy 

medium 

very difficult 

difficult 

easy 

medium 

difficult 

lavender almost in- 
visible. Shade of 
green hard to dis- 
tinguish 

easy 

invisible 

can barely distin- 

uish 2 colors 

difficult 

easy 

cerise easy, 
difficult 

easy 

medium 

easy 

easy 

easy 

medium 

easy, dot difficult 

easy 

easy 

easy 

medium 

medium 

medium, orange dif- 
ficult 

difficult 

easy 

medium 

medium (bird in 
dense shade) 


black 


* This type of marker has been used on pheasants by Ernest Gould working for the New 
Hampshire Fish and Game Department in 1938 and is again being used on pheasants in the 
Concord Pittman-Robertson Refuge Project in 1939. 

* Note the distances indicated by italics as easy to distinguish vary from 5 to 300 feet. 

* See footnote under Table 1. 


has several advantages over those pre- 


viously described: 


1. It can be adapted to both birds 


and mammals. 


2. Standard materials are available. 
3. The number of color combinations 


is high. 


Additional experimental work with 
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this marker is needed on different spe- 
cies of birds and mammals. 
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OBITUARY 


Dr. Clifford Penny Fitch, widely 
known veterinarian and educator, died 
at his home in St. Paul, Minnesota, 
January 11, 1940, from coronary throm- 
bosis. He had worked in his office at the 
University until 5:30 and spent a quiet 
evening at home. Death came as he 
prepared for bed. 

Dr. Fitch was born July 1, 1884, at 
Sauquoit, New York and was reared on 
a farm. After graduating from the 
Sauquoit Academy, he entered Hamil- 
ton College, at Clinton, New York, 
from which he graduated in 1906 with 
honors in biology and mathematics. 
The sound training of these undergrad- 
uate years greatly influenced his sub- 
sequent work in applied fields. 

In the fall of 1908 he entered the 
New York State Veterinary College. 
His ability was quickly recognized and 
in 1909 he was selected by Dr. Veranus 
T. Moore, as his assistant in bacteri- 
ology. On graduation in 1911, with the 
degree of D.V.M., he was advanced to 
an instructorship, promoted two years 
later to an assistant professorship, and 
in 1916 to a full professorship in bacte- 
riology. During this period he taught 
bacteriology and parasitology and col- 
laborated with Dr. Moore in the pub- 
lication of a text on “Bacteriology and 
Diagnosis.” He was employed by the 
New York State Department of Agri- 
culture on a part time basis for diag- 
nostic work during 1910-1914. 

In 1917, Dr. Fitch was appointed 
Professor of Animal Pathology and 
Bacteriology and Chief of the Division 
of Veterinary Medicine at the Univer- 
sity of Minnesota. He set about the 
hew duties with characteristic enthusi- 
asm and energy and soon won national 


recognition and respect for the work of 
his division. As a member of the Minne- 
sota State Livestock Sanitary Board, 
he played an active role in the forma- 
tion of policies for the control of animal 
diseases within the state, with especial 
reference to tuberculosis, Bang’s dis- 
ease, hog cholera, rabies, and diseases of 
poultry. 

An index to the standing and influ- 
ence of Dr. Fitch in his chosen field is 
afforded by his record of service in na- 
tional and state organizations. He joined 
the American Veterinary Medical As- 
sociation in 1912, served as Resident 
Secretary for New York, 1915-16, and 
for Minnesota 1918-19 and as President 
in 1934. He served practically continu- 
ously as a member of the Committee on 
Bang’s disease from 1919 until 1930 and 
during more than half of this period he 
was Chairman. ‘For 20 years he was 
Secretary of the Minnesota State Veter- 
inary Medical Association and built up 
that organization until it became one of 
the largest in the country. He was a fel- 
low of the American Association and 
member of the Society of American 
Bacteriologists, American Public Health 
Association, Society of Experimental 
Biology and Medicine, United States 
Livestock Sanitary Association, and 
Minnesota Academy of Science. 

An enthusiastic sportsman, it was in- 
evitable that Dr. Fitch should take a 
keen interest in problems of conserva- 
tion and the diseases of wild animals, 
the latter both from the viewpoint of 
the conservationist and from that of 
one concerned with protection of do- 
mesticated animals. He not only stimu- 
lated and supported interest in the 
subject in his own division but was 
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ever ready to advise with students and 
colleagues within the University or in 
the State Department of Conservation. 

With the passing of Dr. Fitch, the 
University of Minnesota has lost a dis- 


tinguished scientist and administrator 
As a loyal and everhelpful friend he wil 
be missed by his colleagues and his 
many associates.— William A. Riley, 





CORRESPONDENCE 


Epiror: The following parable, has 
been inspired by contemplation of the 
contemporary scene. 

The need for conservation has arisen 
in this country, either directly or in- 
directly, through the accidental intro- 
duction of an exotic mammal—the 
white man (Homo sapiens). The red 
man, a different color phase of the same 
species, was already present but he 
knew how to harmonize with his sur- 
roundings, for he had lived here for ages. 

When adaptable exotics are intro- 
duced into any new territory with suit- 
able physical conditions, unhampered 
by the natural restrictions imposed 
upon them in their homeland, they 
thrive and spread. Thus, this new mam- 
mal with the pale integument was 
destined to make huge strides. Struc- 
turally he did not appear competent to 
“lick all creation,” but the intellectual 
gleam in his eye, and the volubility of 
his tongue, proclaimed his great dis- 
tinction—superiorcerebral development. 

With this advantage he impartially 
out-maneuvered both friend and foe. 
He cut great swathes in the forests, up- 
rooted the prairie sod, changed the 
courses of streams, drained swamps, 
and promiscuously shot wildlife. He 
vetoed nature’s laws and made his own 
—setting himself up as an absolute dic- 
tator. He struck swiftly and surely, and 
because his victims had not included 
defense against him in their adaptations, 
his rule was never effectively challenged. 


But alas! man had scarcely thrown 
back his head to laugh at his easy con- 
quest, when his boisterous mirth was 
choked by a black foreboding cloud of 
dust pouring out of the “dust bowl.” 
Insects, advancing in huge regiments 
under the “‘smoke screen’’ of dust and 
uncontrolled by the depleted birds, de 
scended upon the fields of rich, culti- 
vated crops, that man had provided. 
Then came the rains and the water 
flowed into the streams, unchecked by 
thirsty roots or by beaver dams, as of 
old. Great floods swirled through the 
valleys, taking with them homes and 
lives and tons of the earth’s thin veneer 
of life-sustaining soil. 

The environment had been preyed 
upon and plundered, and man prayed— 
and wondered. 

Then upon a stricken farm a hungry 
mouse managed to squirm through 4 
small hole in the side of a bin of grain. 
After gorging to absurdity, it was u- 
able to get out. Later it was found ly- 
ing, over-stuffed belly up, by a ma 
who with his superior cerebral develop- 
ment, decided that the mouse had been 
trapped due to its unthinking greedi- 
ness. 

He could not help but wonder als 
whether that mouse might have et 
joyed a long life with many moderate 
trips to the bin, had he been favored 
with a superior cerebral development. 

DonaLp W. STOTLER 
Corvallis, Oregon 
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REVIEW 


A Manual of Aquatic Plants. Norman 
C. Fassett. vii+382 pages, illustrated 
and indexed. McGraw-Hill Book 
Co., New York. 1940. $4.00. 


The author opened his preface with 
the statement, “The aim of this book 
is to make possible the identification of 
aquatic plants in sterile as well as in 
flowering or fruiting condition.”’ A few 
paragraphs farther on he observed that 
the simplest way to identify plants is 
to examine pictures until one finds those 
that match his specimens. With these 
major premises in mind he constructed 
keys to the majority of the aquatic 
plants within the region extending from 
Minnesota to Missouri and eastward to 
the Gulf of the St. Lawrence and Vir- 
ginia. Accompanying these keys are 
over 1,300 line drawings of excellent 
quality. Whether a species is illustrated 
by a habit sketch, a drawing of an in- 
florescence, a flower, a fruit, details of a 
leaf or of some other part, or by various 
combinations of such drawings depends 
upon the characters most diagnostic of 
the plant in question. Dr. Fassett has 
shown a comprehensive knowledge of 
the living aquatics in making these se- 
lections. 

The keys and illustrations embodying 
the first 35 pages deal with sterile ma- 
terials and are intended to enable one 
to identify « sterile aquatic to the spe- 
cies, genus, or family, depending upon 
the size of the genus and the distinctive- 
hess of the characters possessed by it. 
This general key is only partially 
dichotomous and rather difficult to use. 
However, the inclusion, within the key, 
of references to figures on facing or 


nearby pages facilitates its use and re- 
duces the need for a glossary. 

Part II, beginning on page 36, deals 
with the aquatics of 66 families ar- 
ranged according to the system of 
Engler and Prantl, with a brief de- 
scription of each family. A key to the 
genera and species within the family 
follows each descriptive paragraph, 
with references to figures, abbreviated 
statements of range, and occasional 
synonyms included in the key. No de- 
scription, other than the brief charac- 
terization making up the key, is given 
of the individual species. References to 
monographic or other important taxo- 
nomic papers dealing with representa- 
tives of a particular family often follow 
the keys to the species. 

In the explanations at the foot of each 
page of figures the generic name is ab- 
breviated to the initial letter, but this 
is not confusing since the generic name 
appears in full as the running head of 
the page. The system of numbering the 
figures, however, makes citation of both 
page and figure necessary, for the num- 
bers do not run consecutively through 
the book. Instead, a series of figures 
may be numbered from 1 to 37 (pp. 
36-41), then a new series is started, 
running from 1 to 20 (pp. 43-46), and 
still another series begun. There is no 
apparent consistent correlation between 
the series of numbers and any taxonom- 
ic grouping or division. 

An appendix, of value to those inter- 
ested in game birds and mammals, lists 
the plants known to be eaten by cither 
or both of these groups. Following each 
plant species so listed is a short com- 
ment giving the name of the animal us- 
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ing it for food, and the relative impor- 
tance of the plant to that animal. Spe- 
cies of 132 genera, often several species 
in each of the larger genera, are included 
in this list. In a second list occur the 
important game birds and mammals, 
cross-referenced with the first, so it is 
possible to ascertain easily what the 
known plant foods for any animal or 
bird are, or to find out what animals 
eat a particular plant. A third list in- 
cludes brief statements ¢gncerning 
plants of importance to fish as sources 
of food, shelter, or in other ecological 
aspects. Bibliographies of papers from 
which this information was obtained 
accompany the lists. 

A brief glossary explains technical 
botanical terms used in the keys and 
descriptions. 

In spite of the minor criticisms di- 
rected at the keys, the numbering sys- 
tem, and abbreviations, the book 
brings together in a compact volume a 
wealth of information about aquatic 
plants. It shows intimate knowledge of 
the living plants,—a knowledge gained 
only by many days of concentrated field 
study. The taxonomic treatment is con- 
servative, reliable, and in conformity 
with the International Rules of Botani- 
cal Nomenclature. The choice of ma- 


terial, although admittedly subjecti 
and arbitrary, is excellent, and includes 
most of the aquatics one would fix 
within the geographic limits set forth’ 
by the author. And since the aquatigg 
generally have extensive ranges, the 
book is almost as valuable in othe 
parts of temperate North America ag 
it is within this area. ; 
The arrangement of text in relation 
to the many pages of figures was @ 
difficult task for the printer but it hag 
been handled adequately, although 
noticeable amount of blank paper at 
the bottom of pages upon which th 
treatments of certain families end dé 
tracts from the general good appearaneg! 
of the composition. The typography # 
excellent and the paper of good quality, 
It reflects the good workmanship of 
both author and publisher. 
The book should be of value to all 
who are interested in the food and 
shelter requirements of birds and mam 
mals of aquatic or semi-aquatic habitey 
and to those concerned about fresh 
water fishes. It is of great interest and 
considerable value to all botanists, wh oy 
at any time, must identify aquatic plants) 
Ira L. Wiaerns, 
Dudley Herbarium, © 
Stanford University 7 





NOTE 


It has been suggested from time to 
time that THe JouRNAL oF WILDLIFE 
MANAGEMENT include a department es- 
pecially devoted to short contributions. 
No paper has been rejected for brevity 
and some less than a page in length 
have been published. If put in smaller 
type as is usual in magazines maintain- 
ing a separate department for brief 
contributions, the papers mentioned 


would have run two or three to a pager 
If members have minor articles whiel 
they consider suitable for THE JouRNaL 
oF WILDLIFE MANAGEMENT, and 

Editor is inclined to accept anythiti 
bearing on that field, they should sen@ 
them in. The number received 

determine whether it is advisable 
establish a department for them. ~ 








